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ABSTRACT
During a two-year study, 80 bulls and 80 steers were utilized to determine
the effects of grazing endophyte-infected tall fescue on growth performance,
semen parameters, endocrine profiles, and IVF. Bulls and steers were allotted to
graze Kentucky 31 tall fescue (Festuca arundinacea Schreb.) infected with
Neotyphodium coenophialum, an ergot alkaloid-producing fungal endophyte new
stand (E+New; n = 20/yr), old stand (E+Old; n = 20/yr), E+Old plus ladino
(Trifolium repens) and red (T. pratense) clovers (E+Cl; n = 20/yr), or Jesup tall
fescue with the non-ergot alkaloid-producing endophyte MaxQTM (MaxQ; n =
20/yr). Bulls and steers were grouped by body weight (303 ± 13.5 and 290 ± 10.5
kg, respectively), breed composition, hip height, scrotal circumference (SC; 28 ±
1.6 cm), and age (296 ± 20.2 d) to graze assigned pastures from mid-November
to the end of June (224 d) each year. Blood samples, ADG, SC and rectal
temperatures (RT) were collected every 14 d. Hair coat score (HC) was
measured at the end of the experimental period (June). Semen was collected
every 60 d (January, March, May, and June). Scrotal temperatures (ST) were
obtained by thermography before semen collection in May and June. Semen was
evaluated for gross motility, morphology, and ability to fertilize oocytes in vitro
(IVF). After motility and morphology examinations, semen was diluted with
BioxcellTM extender and maintained at 4oC until fertilization of oocytes (26 h after
semen collection). Oocytes (~850 / treatment) were matured for 22.5 h and
fertilized with the identical number of motile percoll-prepared sperm for each
treatment. Numbers of putative zygotes that cleaved and developed to blastocyst
iv

stage (including nuclei number) were evaluated on d 3 and 8 post-fertilization,
respectively. The whole experiment was divided into three different analyses for
optimal evaluation of treatment differences. Analysis I evaluated performance of
bulls (40 / yr) and steers (40 / yr) among all treatments pastures. Analysis II
evaluated performance and fertility parameters of bulls (40 / yr) among all
treatment pastures. Analysis III examined the ability of sperm from bulls (6 / yr)
grazing E+ and MaxQ tall fescue pastures to fertilize oocytes in vitro. Data were
arranged in a CRD split-plot repeated measures and analyzed using mixed
model procedure that included treatment, season, year, pasture (treatment), and
all interactions as fixed effect. These procedures were used to compare
differences among treatment for Analysis I and II. Time was a repeated
measures factor and animal (treatment x pasture) was included as a random
effect. Differences in individual least squares means were evaluated using LSD.
Analysis I: Bulls and steers grazing E+New, E+Cl, and E+Old pastures
had increased overall RT (P < 0.0001), increased HC (P < 0.0001), and
decreased prolactin (P < 0.0001) compared to animals grazing tall fescue MaxQ
pastures. Steers grazing E+Cl, E+New, and E+Old pastures had decreased ADG
(P < 0.0001) compared to steers grazing MaxQ tall fescue pastures. Moreover,
bulls grazing E+New and E+Old had decreased ADG (P < 0.0001) compared to
bulls grazing MaxQ and E+Cl pastures. Analysis II: Bull performance on assigned
pastures were reported previously in Analysis I. In addition, bulls grazing E+Old
had lower ST (32.5 ± 0.4 vs 33.5 ± 0.4 oC, P < 0.0001) compared to bulls grazing
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MaxQ pasture. Concentrations of testosterone, arginine, SC, and semen motility
and morphology did not differ between treatments.
Analysis III: Data were arranged in a randomized block design and
analyzed using mixed model procedure that included treatment, date, replicate,
and all interactions as fixed effect. These procedures were used to compare
differences among treatments. Replicate was included as a random effect.
Differences in individual least squares means were evaluated using LSD.
Percent normal sperm morphology (86.8 ± 3.8%) recorded at time of collection
did not differ between pasture types. Motility at semen collection (72.5 ± 7.2 and
75.4 ± 6.5%), immediately prior to (48.7 ± 7.6 and 53.3 ± 6.7 %), and after (56.8
± 5.4 and 59.9 ± 5.9%) percoll preparation was not different between E+ and
MaxQ treatments, respectively. Semen from E+ bulls had decreased cleavage
rates (73.5 ± 3.1 vs 84 ± 2.4%; P = 0.02) compared to MaxQ bulls. Development
to 8-cell (85.4 ± 10.3 vs 82.3 ± 8.7%), blastocyst (32.4 ± 5.5 vs 30.1 ± 4.7%), and
nuclei number (72.9 ± 4.8 vs 76.5 ± 4.5%) of cleaved embryos did not differ
between treatments.
In conclusion, animal performance was affected by E+ consumption.
However, motility and gross morphology of semen were not altered in bulls
grazing E+ tall fescue pastures. Addition of clover to E+ pastures reduces the
adverse affects on growth performance and scrotal temperature associated with
fescue toxicosis. Moreover, semen from bulls grazing tall fescue containing the
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ergot alkaloid-producing fungal endophyte had decreased cleavage rates and
may lower reproductive performance due to reduced fertilization ability.
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CHAPTER 1
INTRODUCTION
Fescue toxicosis results from ingestion of tall fescue infected with the
endophyte, Neotyphodium coenophialum. Prevailing signs such as elevated body
temperature,

vasoconstriction

of

capillaries,

and

reproductive

problems

associated with fescue toxicity have contributed to massive declines in overall
herd productivity (Paterson et al., 1995). Mechanisms by which fescue toxicosis
reduces cattle performance are not clearly understood, but appear to involve
various alkaloid compounds (Porter, 1995). Fescue toxicosis affects reproductive
performance, growth, and lactation (Porter, 1995).
Numerous studies have shown that fescue toxicity negatively affects
female reproduction. Fescue toxicosis has been linked to reduced LH
concentrations (Browning et al., 1997), compromised embryo development
(Schuenemann et al., 2004b), and a reduction in pregnancy rates (Seals et al.,
1996; Schuenemann et al., 2004b; Seals et al., 2004). Hoveland (1993)
estimated that cattle producers loose $609 million dollars annually due to
decreased calf gain and lowered conception rates associated with fescue
toxicosis. While research has well documented how fescue toxicity affects female
reproduction, only limited studies have examined if fescue toxicosis affects male
reproductive performance.
If reproductive performance of the herd bull were compromised by
ingestion of endophyte-infected tall fescue, genetic gains produced through the
use of superior genetics would be negated. Non-return rates would dramatically
1

decline. An increase in cows not conceiving on first service directly impacts the
number of days cows are open, herd calving interval, and seasonal marketability
of calves; thus, resulting in monetary lose to producers. Ultimately, the number of
calves born each calving season defines herd fertility (Wiltbank, 1970; Spitzer et
al., 1995).
In attempts to predict individuals that could increase fertility, producers
have utilized the most current techniques to analyze breeding soundness.
Unfortunately, estimation of bull fertility has been limited to semen analysis,
which includes motility estimates and morphological observations (Spitzer and
Hopkins, 1997). Few single sperm parameters have shown significant correlation
with actual pregnancy rates; therefore, results of breeding soundness evaluations
(BSE) may not represent the ability of bulls to produce pregnancies (Larson and
Rodriguez-Martinez, 2000). When considering that between 5 and 15 percent of
all bulls that pass BSE are unable to produce pregnancies (Spitzer et al., 1988),
the challenge becomes identifying factors unidentifiable to BSE that further affect
early embryonic development.
The objective of this research was to investigate effects of tall fescue
toxicosis on performance, endocrine profiles, semen parameters, and the use of
in vitro fertilization as a means of predicting developmental competency of
oocytes fertilized with sperm from bulls grazing endophyte-infected tall fescue
pastures (ergovaline-infected or ergovaline-free). It has been theorized that bulls
that graze endophyte-infected tall fescue will have decreased serum arginine
levels (and tissue nitrate/nitrite levels) that result in compromise of blood flow to
2

testicular tissues. Thus, decreased blood perfusion of testicular tissues
negatively impacts reproductive parameters.
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CHAPTER 2
LITERATURE REVIEW
The majority of research effort in the field of reproductive physiology has
concentrated on factors that affect female reproduction. More recently, research
has begun to focus on the male’s contribution at conception. Emphasis has been
placed on environmental factors that could affect male reproductive performance.
One such factor is fescue toxicity. The following review of literature discusses
fescue toxicosis, signs associated with this condition, effects on reproduction,
and a review of endocrinology and spermatogenesis.
2.1. Role of Male Fertility on Overall Herd Reproductive Efficiency
“The bull is half of the herd” is an old saying that describes the importance
of a fertile bull to a cattle-breeding operation (Tan, 2002). A bull’s fertility can be
altered by conditions that affect his desire or ability to copulate (impotentia
coeundi) and those conditions that affect his ability to fertilize ova (impotentia
generandi). In some cases, factors may actually cause both impotentia coeundi
and generandi (Van Camp, 1997). Research has shown that about 20 percent of
all beef bulls are deficient in some aspect of reproductive capacity (Hopkins and
Spitzer, 1997; Spitzer and Hopkins, 1997).
A herd bull that will settle a high percentage of cows during a limited
breeding season is essential to a successful cow-calf operation. In many cow-calf
operations, the bull's role in the herd's reproductive performance is taken for
granted.

4

The bull's fertility is several times more important than that of a cow. Beef
producers often hear that a bull contributes half the production in a calf crop. A
good bull offers both high fertility and high genetic breeding value for one or more
economically important characteristics such as growth, calving ease, maternal
value and carcass quality. Each bull can be expected to settle as many as 30
cows during a defined breeding season (Rupp et al., 1977; Farin et al., 1982;
Neel and Schrick, 2003). The bull also contributes half of the genetic potential of
the entire calf crop; while each cow is expected to wean only one calf each year.
While sub-fertile bulls frequently cause low calf crop percentages, every cycle
that a female fails to conceive can cause a 35 to 45 pound reduction in calf
weaning weights.
The reproductive function of bulls depends upon sexual desire, mating
ability, and the formation and deposition of semen. Determining the condition of
all body systems that affect reproduction is as important as determining the
status of the genital system. Performance records and pedigrees are important,
but sires must be capable of settling cows (Gosey, 1996; Van Camp, 1997).
The role of the bull is to impregnate females. Bulls with high fertility may
impregnate more than the expected number of cows in a shorter breeding
season. Proper management of prospective bull calves will boost their
contributions to herd productivity. Proper selection, disease prevention, and
adequate nutrition will promote their growth and development (Kesler et al.,
1997).

5

Bull fertility is dependent upon total sperm production, which is highly
correlated with testis size. The best measure for testis size in live animals is the
scrotal circumference. Why are the testes so important? They produce sperm
which is vital in fertilization and hence, fertility of the herd. The testes also
produce sex steroids (testosterone), which are vital for the reproduction process
(Ibrahim and Olaloku, 2000).
2.2. The Testicle
2.2.1. Process of Spermatogenesis
Prior to birth, primordial germ cells colonize the urogenital ridge where
cells divide and form undifferentiated gonocytes (Parker et al., 1999). At puberty
or slightly before, gonocytes differentiate to form sperm cells known as
spermatogonia (Dohle et al., 2003). Throughout a cascade of divisions,
spermatogonia are produced from spermatozoa. Johnson (1995) and Keer
(1995) have mapped out the course in which spermatozoa are produced within
the seminiferous tubule of the testis. Three main processes must take place in
order to produce viable sperm: spermatocytosis, meiosis, and spermatogenesis.
Characteristic spermatocytogenesis occurs at the basement membrane of
the seminiferous tubules and is dependent on follicle stimulating hormone
(Johnson, 1995; Levalle et al., 1998). Spermatocytogenesis is the process by
which stem cell spermatogonia undergo numerous mitotic divisions providing a
constant supply of stem cells. During this time, spermatogonia are undergoing
morphological

changes

within

the

nuclei.

Prior

to

entering

meiosis,

spermatogonia are diploid and divide to form primary spermatocytes (Johnson,
6

1995). Meiosis is classified as the time in which genetic material is passed
between homologous chromosomes of primary spermatocytes and reduction of
haploid spermatids (Johnson, 1995).
The last step in production of a functional sperm is spermiogenesis. At this
point, the process of sperm production becomes testosterone dependent and is
responsible for the major morphological changes associated with transformation
into

spermatozoa

(Johnson,

1995).

Key

changes

that

occur

during

spermiogenesis include condensation of chromatin and formation of both the tail
and acrosomal cap (Johnson, 1995). Development of the spermatid is identified
with development of the acrosome produced by the Golgi apparatus. The
acrosome is a covering surrounding the nucleus of the spermatozoon. It contains
enzymes, such as hyaluronidase, responsible for aiding sperm entrance into the
oocyte by softening the cumulus surrounding the zona pellucida (Johnson, 1995).
Development of the flagella is necessary for motility. Movement is accomplished
by the in-folding of the plasma membrane to produce a flagella canal from which
the flagellum can extend from the spermatid cell body (Johnson, 1995).
Maturation of spermatids is the final phase of spermatogenesis. Spermatozoa
are considered mature when released from seminiferous tubules (Amann, 1989).
Fertilization capacity is not acquired until completion of epididymal maturation. At
that time, the cytoplasmic droplet is lost and progressive motility is established
(Johnson, 1995).
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Throughout the process of sperm formation, somatic cells, consisting of
Sertoli cells and myoid cells as well as Leydig cells, each provide specialized
function assuring the integrity of developing spermatozoa. Sertoli cells act as
nurse cells providing nourishment; while Leydig cells aid in testosterone
production (Johnson, 1995). Myoid cells are responsible for maintaining
seminiferous tubules and assisting in movement of the spermatozoa (Fawcett,
1975). Myoid cells also function to regulate Sertoli cell secretion, further aiding in
preventing breakdown of tight junctions between Sertoli cells and germ cells
(Hettle et al., 1988). Known as nurse cells, Sertoli cells function to provide
nutrition necessary to promote growth and development of spermatids and
remove waste (Johnson, 1995). Sertoli cells also function by providing structural
support and communication to developing germ cells by means of gap junctions
(Russell, 1977). The blood-testis barrier is composed of Sertoli cells regulating
serum components; thus, assuring an optimal environment for production of
spermatozoa

(Waites,

1977).

Sertoli

cell

numbers

directly

relate

to

spermatogonia, spermatid, and spematozoan numbers (Berndston et al., 1987).
Due to presence of large amounts of smooth endoplasmic reticulum, Leydig cells
are responsible for converting cholesterol and pregnenolone to testosterone (De
Kretser

and

Keer,

1988).

Testosterone

spermatogenesis (Johnson, 1995).

8

is

absolutely

required

for

Table 1. Differentiation of spermatogenesis between species.
Human

Bull

Rat

Stallion

Ram

Cycle length (days)

16

13.5

12.9

12.2

10.4

Spermatogenesis (days)

74

61

60

57

2.2.2. Factors altering Sperm Production
When considering factors affecting sperm production, it is important to
examine length of time needed to produce functional sperm (Johnson, 1995).
Spermatozoa are released from any point of the seminiferous epithelium.
Therefore, the length of the spermatic cycle is defined as the time between
consecutive releases of spermatozoa and is dictated by frequency of committed
spermatogonia entering spermatocytogenesis (Leblond and Clemont, 1952).
Determining the point at which spermatogonia enter the process is difficult;
therefore, spermatogenesis is estimated to be 4.5 times the cycle length. The
duration of spermatogenesis varies (Table 1) and is dependent on species
(Amann, 1989).
Spermatogenesis is the sum of the process of spermatocytogenesis and
spermiogenesis; resulting in the formation of sperm cells from spermatogonia.
The process requires a total of 60 days in bovine (Saacke, 1995). In this process,
adult bulls can make 11 to 12 X 106 sperm cells per gram of testicular tissue
(Saacke, 1995). Alterations in hormone secretions are a main cause of impaired
9

spermatogenesis (Greep et al., 1936; Machluf et al., 2003). Several hormones
such as testosterone and FSH, are responsible for driving spermatogenesis. The
pituitary gonadotropins, FSH and LH, are required for spermatogenesis to be
initiated and maintained (Machluf et al., 2003). Testosterone secreted by Leydig
cells has been recognized as the major intratesticular hormone regulating
spermatogenesis (Walsh et al., 1934; Machluf et al., 2003). Sertoli cells have
been shown to contain receptors for testosterone (Johnson, 1995). Sar et al.
(1993) illustrated that testosterone supports germ cell development indirectly
through secretory function of Sertoli cells.
The pituitary hormone, prolactin, plays a critical role in reproductive
efficiency and function in rats (Guillaumot and Benahmed, 1999). Impaired
prolactin concentrations have been shown to alter testicular function by inhibiting
LH and FSH biosynthesis, interfering with Leydig cell receptor mediated
steroidogenesis, and decreasing binding affinity of Sertoli cells receptors;
therefore, decreasing FSH mediated spermatogenesis (Guillaumot et al., 1996).
Receptors for prolactin have been located on both Leydig and Sertoli cells of the
rat, indicating prolactin’s role in steroidogenesis and regulation of hormones
secretion involved in testicular development (Guillaumot et al., 1996).
2.2.3. Temperature Regulation within the Testes
The

scrotum

provides

a

thermoneutral

environment

for

normal

spermatogenesis (Waites, 1970; Kastelic et al., 1997). Impaired thermoregulation
of the scrotum and testicles can cause infertility (Purohit et al., 1985; Coulter and
Bailey, 1988; Gazvani et al., 2000). Regulation of testicular temperature is
10

accomplished by heat carried into the testes by arterial blood flow, metabolic
heat produced by the testes, and heat released through scrotal skin (Hees et al.,
1984; Purohit et al., 1985). Scrotal size and shape change due to fluctuation in
environmental temperature. The scrotum, tunica dartos and cremaster muscles
are responsible for heat regulation (Kastelic et al., 1997). Each contract when
scrotal temperature declines; thus, drawing the testicles closer to the body and
relaxing when temperatures are elevated. Relaxation allows testicles to hang
further from the body allowing for cooling (Waites, 1977; Purohit et al., 1985).
Thermoregulation within the testis plays an important role in spermatogenesis;
therefore, physiological mechanisms of the scrotum regulate temperature
(Kastelic et al., 1997).
Ambient temperature receptors within the scrotum register changes in skin
temperature and initiate reflexes that alter testicular temperature (Setchell, 1978;
Setchell et al., 1995). Normal scrotal surface skin temperature (SST) of the testis
increased as ambient temperature increased (Cook et al., 1994). The bottom
SST is significantly affected by temperature change, while the top of the testicle
remained less affected (Kastelic et al., 1995; Kastelic et al., 1996). Most animals
maintain scrotal temperature between 2 and 6 oC lower than the body cavity
temperature (Waites, 1970; Purohit et al., 1985).
Testicle cooling also occurs as blood flows through the pampiniform plexus
(Hees et al., 1984). This tight intertwined countercurrent blood flow mechanism
allows for hot arterial blood to be cooled as it travels into testicles. Arterial blood
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flows in very close proximity to the much colder blood leaving the testicles
through the testicular veins (Purohit et al., 1985).
Testicular temperature must be maintained between 30 and 33 oC in order
not to impair spermatogenesis (Harrison and Weiner, 1948; Kastelic et al., 1995).
Blood flow to the testicles is important in heat distribution. Disruption in blood
flow results in cooler testicle temperatures (Purohit et al., 1985; Kastelic et al.,
1997). As previously noted, vasoconstrictive properties of ergot alkaloids are
responsible for decreased blood flow. Classified as an extremity, effects of ergot
alkaloids on the testicular core temperature are of significant importance in
spermatogenesis.
2.2.4. Key Role in Fertilization
Fertilization is the complex process by which spermatozoon binds the
oocyte to form an embryo (Saling, 1991). Once spermatozoa are ejaculated, they
are actively motile; however, they are unable to fertilize oocytes (Yanagimachi,
1990). Spermatozoa must undergo two main processes in order to penetrate the
zona pellucida of an oocyte. The first process that must occur is the physiological
change that allows spermatozoa to become competent for fertilization known as
capacitation (Parrish et al., 1988; Yanagimachi, 1990). Capacitation occurs within
the female reproductive tract following ejaculation (Parrish et al., 1988;
Overstreet and VandeVoort, 1990; Yanagimachi, 1990). During capacitation,
glycoprotein layers surrounding the spermatozoa are shed exposing the area of
acrosome on sperm head (Parrish et al., 1988; Yanagimachi, 1990). The
acrosome region being free from the glycoprotein layers allows for sperm
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receptor sites located on the acrosome region of the spermatozoa to interact with
receptors of the oocyte located on the surface of the zone pellucida (Parrish et
al., 1988; Overstreet and VandeVoort, 1990; Yanagimachi, 1990). During
capacitation, motility of sperm also becomes hyperactivated in order to facilitate
sperm transport (Yanagimachi, 1990). Once spermatozoa have become
capacitated, the second main process leading to fertilization must take place.
Once capacitated spermatozoa come in contact with cumulus cells
surrounding the oocyte, the glycoproteins of the zona pellucida interact with
receptors on spermatozoa (Overstreet and VandeVoort, 1990; Yanagimachi,
1990; Johnson, 1995). Interaction with receptor sites activates the influx of
calcium; thus, binding the two membranes. The binding of the two membranes
further stimulates a massive influx of calcium allowing the zona pellucida to be
penetrated (Overstreet and VandeVoort, 1990; Yanagimachi, 1990; Johnson,
1995).
2.2.5. Factors that affect Fertilization
Both female and male gametes affect the success of fertilization; however,
the sperm’s role is the most important (Larson and Rodriguez-Martinez, 2000).
Fertilization occurs in the oviduct of the female reproductive tract; therefore, the
primary objective must be sperm motility. The ability of sperm to maneuver within
the reproductive tract is imperative for fertilization to occur (Johnson, 1995).
However, Austin (1975) reported that sperm have the ability to remain motile
much longer than their ability to fertilize an oocyte; thus, motility may remain high
but sperm may be unable to penetrate the zona pellucida. Alone, motility is a
13

poor predictor of fertility (Larson and Rodriguez-Martinez, 2000) and other factors
such as morphology and acrosomal integrity must be considered. Motility does
not guarantee that upon reaching the egg that fertilization will occur (Austin,
1975).
Upon reaching the oocyte, fertilization is dependent upon sperm/egg
recognition (Aitken and Irvine, 1990). Recognition may be impaired by sperm
inability to capacitate (Aitken and Irvine, 1990). Lack of calcium, which is vital for
the acrosomal reaction to occur, has also been linked to poor zona penetration
(Aitken and Irvine, 1990; Overstreet and VandeVoort, 1990; Yanagimachi, 1990).
A large factor affecting successful fertilization is sperm morphology
(Zamboni, 1990). Abnormal sperm morphology, virtually undetectable with basic
morphological testing, is believed to be the causative agent for both infertility and
subfertile conditions (Zamboni, 1990). Morphological “ultrastructural” damage to
one of the major sperm components, such as the head plasma membrane,
nucleus, acrosome, mitochondria, and flagellum, could explain compromised
fertilization. Unfortunately, “ultrastructural” defects are not noticed during normal
semen analysis unless accompanied with an analysis of morphological
abnormality of the sperm under electronic microscopy; therefore, further
providing explanation why fertilization may still be compromised in individuals
who pass semen analysis.
2.3. Effects of Plant Toxins on Male Fertility
Reproductive efficiency is the most important economic factor in today’s
livestock production (Bellows et al., 2001). Several factors such as therapeutic
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agents, environmental pollutants, and natural toxicants adversely affect
reproduction (James et al., 1992). Toxic substances in the diets of animals alter
reproductive success by causing abortion, birth defects, interference with libido,
expression of estrous behavior, development of gametes, and increasing the
time between parturition and rebreeding (James et al., 1992).
In an effort to assess the importance of various factors on livestock
production, the following values for cattle (with 10 being the highest) for the
principal economic factors have been suggested: reproduction, 10; yearling
weight, 3; and carcass quality, 1. The correctness of these values can be
debated, but if there is no reproduction, the other values have no meaning
(James et al., 1992). There are several factors involved in reproductive
efficiency. The following are some of the more important: 1) dietary factors
essential for normal reproduction, 2) infectious diseases, 3) heredity, 4)
management, 5) environment, and 6) toxic dietary factors.
Adverse environmental factors can often be modified or controlled. Of the
factors listed, toxic dietary factors and natural toxins have received the least
attention, and that only recently. They are probably the least understood and
could be the most important of these factors. This is complicated by the fact that
there are many different plants containing a variety of toxins that can adversely
affect reproduction, so there are many differences in the mechanisms involved.
The level of toxins in the plant varies considerably with environmental conditions,
site and stage of growth (James et al., 1992). The plants containing these toxins
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vary considerably, as does the plant’s acceptability as forage for livestock. Each
problem requires a different management strategy to prevent intoxication.
Natural toxins can affect nearly all the reproductive processes. The
principal

reproductive

processes

that

might

be

considered

are

1)

spermatogenesis and oogenesis (Panter et al., 1989), 2) fertilization, 3) fertility
(Cox, 1978), 4) placentation (James and Foote, 1972), 5) embryonic and fetal
development (Binns et al., 1965), 6) pregnancy (abortions and embryonic deaths)
(James et al., 1967), 7) postpartum interval (James et al., 1989), and 8) neonatal
survival (James et al., 1989).
Spermatogenesis and oogenesis are inhibited in sheep and presumably in
other species of livestock that have grazed locoweed over a period of weeks
(James and Van Kampen, 1971). Besides a marked decline in libido, fertilization
and placentation are delayed when locoweed is fed at 0 to 30 or 20 to 50 d of
gestation in sheep. The toxin in locoweed, the indolizidine alkaloid swainsonine,
is thought to be the cause of the problems. This hypothesis is based on the wellestablished property of swainsonine as an inhibitor of glycoprotein processing, a
requirement for proper cellular function (James et al., 1992). Gossypol, which is
found in cottonseed, has been shown to interfere with testicular development in
the ram and bull (Kennedy et al., 1983; Arshami and Reittle, 1988; Kramer et al.,
1991; Cerelli and Johnson, 1999). One of the principal toxic effects of
seleniferous plants is a marked decline in reproduction in livestock (Olsen, 1978).
Many natural toxicants, such as alkaloids, terpenoids, tannins, cyanogenic
glycosides, are present in different plants lowering reproduction efficiency
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(James et al., 1967; James and Van Kampen, 1971; Kennedy et al., 1983;
James et al., 1989; James et al., 1992; Cerelli and Johnson, 1999). Among
these, grazing of endophyte-infected tall fescue induces signs of “tall fescue
toxicosis”. This toxicosis represents the highest grass-related disease in the
United States in terms of loss to animal producers, affecting over 8.5 million beef
cows (Hoveland, 1990; Hoveland, 1993; Allen and Segarra, 2001). Three fourths
of the pastures in the mid-south of the eastern United States are infected with the
endophytic-fungus Neotyphodium coenophialum (causative agent) at a 60% or
greater level. Tall fescue pastures benefit from the endophyte-grass association
in part by a series of alkaloids produced by the fungus or by the plant in response
to the fungus. Ergot alkaloids (mainly ergovaline) are biologically active
compounds causing reductions in weight gain, milk production, and fertility
(Fribourg et al., 1989; Burke and Rorie, 2002; Browning, 2003; Schuenemann et
al., 2004a; Schuenemann et al., 2004b).
2.4. Tall Fescue Toxicosis and the Impact on Cattle
2.4.1. Overall Impact of Tall Fescue Toxicosis
Tall fescue toxicosis syndrome in cattle is recognized as the major grassinduced toxicosis in the United States (Cheeke, 1995b; Ball et al., 1996) and the
economic burden of disease is well known (Hoveland, 1993). Tall fescue grass
benefits from the endophyte/grass association in part by a number of alkaloids
produced by the fungus, or by the plant in response to the fungus (Thompson et
al., 1999). The alkaloids are biologically active compounds that suppress
consumption of tall fescue by both mammals and insects (Porter, 1994).
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Endophyte-infected (E+) tall fescue also has greater forage and seed productivity
than the Endophyte-free (E-) tall fescue, and it is more drought-tolerant (Hill et
al., 1991; West et al., 1993; Ball et al., 1996). At the same time, tall fescue
toxicosis is a costly disease to cattle and horse producers in particular causing
severe restrictions in weight gains, milk production, and fertility (Oliver, 1997;
Waller et al., 1998; Thompson et al., 1999; Waller et al., 2000b; Waller et al.,
2001).
The ergot alkaloids are responsible for reproductive failure (Hemken et al.,
1979; Lishman et al., 1979; Porter and Thompson, 1992; Oliver et al., 1993;
Browning et al., 1998a). There are several causes for reproductive problems
associated with endophyte toxicity. Endophytes found within tall fescue seed,
hay, and green forage dramatically reduced feed intake of Holstein cows
(Hemken et al., 1979). Fescue toxicosis suppressed body weight gains in
prepuberal heifers such that onset of puberty was delayed (Washburn et al.,
1989). Effects of fescue toxicosis on onset of puberty could result from reduction
in LH concentrations within blood. Lishman et al. (1979) reported that weight loss
associated with fescue toxicosis resulted in a decline in serum LH concentrations
in postpartum cows, absence of preovulatory LH surge, and failure to ovulate.
Ingesting infected tall fescue may further impair puberty and subsequent
ovulation.
Inadequate hormone levels due to ingestion of endophyte-infected tall
fescue have been shown to further impair ovulation and pregnancy (Boisser,
1978; Oliver and Schultze, 1997; Browning et al., 1998a). Ergot alkaloid and
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synthetic derivatives such as ergotamine tartrate are dopaminergic agents that
suppress GnRH-induced secretion of LH (Boisser, 1978). Further observations
by Mckenzie and Erickson (1991) demonstrated that heifers fed endophyteinfected hay exhibited a reduction (23%) in basal LH concentrations, reduced
estradiol-stimulated

LH

concentrations,

and

subsequent

decline

in

folliculogenesis.
Lysergic acid and isolysergic acid amides have also been isolated from
endophyte-infected tall fescue (Cheeke, 1995a) at levels approximately 10% of
sleepygrass (toxic grass that produced somnolence when consumed) (Petroski
et al., 1992), both of which produce pronounced sedative effects in humans. This
would likely explain the depression and dullness sometimes noted in animals fed
endophyte-infected

fescue.

Other

alkaloids,

specifically

ergovaline

and

ergonovine, have been shown to stimulate prostaglandin F2∀ release during the
luteal phase in cows resulting in the death of the corpus lutum (Browning et al.,
1998a). Estienne et al. (1990) observed luteal function was altered in heifers
grazing endophyte-infected tall fescue. Heifers with a corpus luteum exhibited a
decrease (62%) in circulating concentrations of progesterone. The authors
suggested endophytes affect the CL ability to secrete progesterone and may
dramatically affect the ability to maintain pregnancy. Pregnancy rates were
reduced in beef heifers administered ergotamine tartrate (ET) to stimulate fescue
toxic effects, with no alterations in concentrations of progesterone (Seals et al.,
2004).
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Endophyte-infected tall fescue decreased conception rates by 3.5% for
each 10% increase in endophyte infestation in cows grazing endophyte-infected
pasture (Porter and Thompson, 1992). Conception rates declined by 46% in
heifers grazing pastures where 80% to 90% of plants were infected with the
endophyte compared to heifers grazing pastures with endophyte infestation rates
between 0 to 5% (Porter and Thompson, 1992). Embryo quality could contribute
to reduction in conception rates. Schuenemann et al. (2004b) reported embryos
from beef heifers administered ET were of lower quality and reduced
development compared to embryos from control heifers. Transfer of good quality
embryos into heifers administrated ET resulted in similar pregnancy rates
between ET and control heifers (Schuenemann et al., 2004b), showing that the
uterus is of acceptable quality for pregnancy.
Effects of toxic fescue on male reproduction have been far less studied.
Zavos et al. (1988) reported that feeding endophyte-infected tall fescue seed to
male rats decreased daily sperm production by 50%, decreased testicular
parenchyma weight, and reduced epididymal weights. Lowered prolactin levels,
characteristic of exposure to infected tall fescue, influenced gonadotropin release
and growth of male accessory reproductive glands in rams (Bartke, 1980).
Further studies by Alamer and Erickson (1990) found endophyte ingestion from
grazing pasture reduced GnRH levels and testicular numbers of Sertoli cells of
beef bulls approximately 3 months of age. Alamer and Erickson (1990) further
reported reduced Sertoli cells numbers in bulls ranging between 8 and 12 months
of age; thus, linking fescue toxicosis to permanently impaired testicular function.
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However, Evans et al. (1988) reported that administering endophyte-infected hay
to Holstein bulls beginning at 2 months of age until 13 months produced no
negative effects on weight and length of testicles. In the same lot of bulls,
concentrations of prolactin and testosterone declined when fed endophyteinfected hay. Reproductive problems associated with fescue toxicosis are not
species specific; however, severity of symptoms and overall detrimental effects
to the animal tend to be species dependent.
Ewes affected by N.coenophialum exhibited delayed conception, but other
factors such as body weight gains, gestation lengths, average number of lambs
born, and lamb survival rates were not altered (Bond et al., 1988). Negative
effects of fescue toxicosis in horses seem to be confined to reproductive
performance (Porter and Thompson, 1992; Cross, 1997). In mares, symptoms
commonly associated with ingestion of endophyte-infected tall fescue include
increased foal mortality, placental thickening, and agalactia (Cross, 1997). Zavos
et al. (1988) found a diet consisting of endophyte-infected seed prolonged estrus
in female rats as well as decreased little weights, average number of pups
produced per litter, and individual pup weight.
2.4.2. Symptoms of Tall Fescue Toxicosis
Fescue toxicity associated with ingestion of endophyte-infected tall fescue
produces

numerous

signs

and

symptoms

(Hemken

et

al.,

1984).

Pathophysiological conditions resulting from ingestion of endophyte-infected tall
fescue are collectively classified as fescue toxicosis. The most common condition
associated with fescue toxicosis is summer syndrome (Hemken et al., 1984).
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Typical signs of severe fescue toxicosis include swelling accompanied
with soreness and lameness of feet and rear legs. In cases of extreme fescue
toxicity, dry gangrene of extremities may occur such that a necrosis condition of
the dewclaw and hooves become present. Necrosis, due to lack of blood flow,
can become so severe that hooves of affected animals may slough off (Read and
Camp, 1986). Considering that tall fescue is a cool season grass, growth occurs
predominately in early spring and late fall. Fescue foot is most often observed in
cooler climate zones and in February due to the abundance of new grass growth.
Only a few days of grazing are required before the condition of fescue foot
occurs. Rapid onset of symptoms may be seen in animals grazing infected
pasture heavily fertilized with nitrogen (Read and Camp, 1986). Nitrogen, a
nutrient required for optimal growth, stimulates plant growth and simultaneously
increases endophyte concentrations (Read and Camp, 1986).
Fescue foot is caused by the vasoconstrictive properties of endophytes
restricting blood flow to the hind legs (Read and Camp, 1986). An elevated
endophyte concentration, specifically ergovaline, has been shown to produce
vasoconstriction of the capillaries (Hemken et al., 1984; Osborn et al., 1992;
Oliver et al., 1993; Oliver, 1997; Browning, 2000). Walls and Jacobson (1970)
first reported endophyte-induced vasoconstriction to the hind legs in cattle and
linked vasoconstriction to fescue foot. Other extremities affected by capillary
vasoconstriction resulting from ingestion of high concentrations of ergovaline are
the ears, nostrils, and tail. Vasoconstriction of the capillaries leading to these
extremities has been shown by reduction of skin temperatures at each location
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(Oliver, 1997; Browning, 2000). Vasoconstriction due to ingestion of endophyteinfected tall fescue has been shown to produce tail discoloration and eventual
lose of the tail switch (Osborn et al., 1992).
Summer syndrome is defined by an overall reduction in livestock
performance associated with elevated ambient temperatures (Hemken et al.,
1984). A proposed theory by Hemken et al. (1984) suggested that elevating
ambient temperatures increased sensitivity of the animal to the endophyte toxin.
Summer syndrome associated with fescue toxicosis has been linked to reduced
weight gains, increased rectal temperatures, roughened hair coat, increased
respiration, lowered milk production, and greatly decreased reproductive
performance (Garner and Cornell, 1978; Hammond et al., 1982; Bond et al.,
1984; Hemken et al., 1984).
2.4.3. How Does the Endophyte Exert its Effects?
Ergot alkaloids are known to have dopaminergic, antiserontonergic, and
vasoconstrictive tendencies (Berde and Schild, 1978). Moreover, lysergamide
has been identified as an alkaloid similar to ergonovine and has also been shown
to produce vasoconstriction within bovine blood vessels (Oliver et al., 1993).
Other ergopeptide alkaloids, including ergotamine, ergovaline, and ergonovine
have also been shown to cause peripheral vasoconstriction (Oliver, 1997;
Browning, 2000). Temperature reduction and increased blood pressure are the
main signs of vasoconstriction (Hammond et al., 1982; Hemken et al., 1984).
Peripheral temperatures at specific extremities such as the tail, ear, and pastern
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have been examined in steers grazing endophyte-infected pastures and
temperatures at all locations have been reported to decrease when compared to
rectal temperature (Osborn et al., 1992; Browning, 2000). Studies have shown
that animals affected by fescue toxicosis have decreased ability to shuttle blood
away from the body core due to capillary vasoconstriction. Thus, body
temperature and blood pressure increase while peripheral skin temperatures
decline (Osborn et al., 1992; Oliver, 1997; Browning, 2000).
Clark et al. (1978) estimated vasoconstrictive properties associated with
administrations of ET increased blood pressure within the arterioles by as much
as 10 times. Constriction of the peripheral arteriole beds decreased the amount
of blood flowing to extremities; thus, decreasing peripheral temperatures
(Browning, 2000). Browning (2000) illustrated variation in skin temperature at two
locations on the tail after injecting ergotamine tartrate. Skin temperature was
significantly lowered at both locations; however, the sharpest decline was
detected at the tip of the tail. These findings agree with early studies by Carr and
Jacobson (1969) illustrating that skin temperature in cattle was reduced when
exposed to ergot alkaloids. Reduction in the temperature was attributed to
vasoconstriction and subsequent reduction in blood flow to the periphery. Osborn
et al. (1992) observed that steers have a reduction in peripheral temperatures at
the ear and pastern when consuming infected tall fescue.
Use of synthetic compounds to simulate fescue toxicosis has successfully
created fescue toxicity symptoms such as elevated rectal temperature and
vasoconstriction (Schuenemann et al., 2004a; Schuenemann et al., 2004b; Seals
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et al., 2004). Ergotamine tartrate commonly used to produce “fescue toxicity”
and to mimics the action of ergovaline, but with only 10 percent of the potency
(Fluckinger et al., 1978). Dose response studies have been conducted using ET
in order to determine concentrations required to accurately exert typical
endophyte effects (Schuenemann et al., 2004a; Schuenemann et al., 2004b;
Seals et al., 2004).
2.4.4. Alterations in Blood Components after Prolonged Consumption of
Endophyte-Infected Tall Fescue
The alkaloids associated with E+ (Neotyphodium coenophialum) tall fescue are
known to have significant effects on vascular tissues (Strickland et al., 1996;
Oliver and Schultze, 1997; Oliver et al., 1998) and on blood components such as
enzymes, minerals, blood cells, and hormones (Browning et al., 1997; Browning
et al., 1998a; Browning et al., 1998b; Schultze et al., 1999; Oliver et al., 2000a;
Browning et al., 2001; Browning, 2003).
Most serum values of cattle that grazed E+ or E- tall fescue fell within the
established normal range (Underwood, 1977; Duncan et al., 1994; Kaneko et al.,
1997; Saker et al., 1998). However, repeatable alterations, including changes in
alanine aminotransferase, cholesterol, creatinine, globulin, albumin/globulin ratio,
prolactin, total bilirubin, and total protein, consistently occurred in cattle that
grazed E+ tall fescue (Schultze et al., 1999) compared to E- tall fescue. Schultze
et al. (1999) reported alkaline phosphatase suppression in cattle grazing infected
tall fescue, with specific effects on intestinal and bone isozymes. Results of other
studies (Stuedemann and Thompson, 1993; Thompson and Stuedemann, 1993;
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Oliver, 1997) have indicated that alkaline phosphatase activity is suppressed in
cattle suffering from fescue toxicosis. Therefore, lowered alkaline phosphatase
activity consistently has been a repeatable measure of the disease.
Exposure of animals to E+ tall fescue has minimal effects on serum
mineral concentrations (Steen et al., 1979; Bond et al., 1984). However,
deficiency of serum copper has been identified as a consistent measure of tall
fescue toxicosis in cattle that graze infected tall fescue (Stoszek et al., 1979;
Coffey et al., 1992; Saker et al., 1998). Studies carried out by Oliver et al.
(2000a) showed that serum copper levels were near 0.6 ppm in animals grazing
infected fescue, a commonly accepted value that indicates copper deficiency in
cattle (McDowell, 1992; Saker et al., 1998); however, cattle that grazed E- tall
fescue have normal levels of copper (Saker et al., 1998). Furthermore, levels of
copper in growing yearling cattle (similar to those used in this thesis) most
commonly have been affected (McDowell, 1992).
Endophyte-infected tall fescue pastures have lower copper concentrations
than endophyte-free tall fescue (Dennis et al., 1998), which contributes to the
decreased level of the mineral in serum of cattle that consume the grass. Cattle
that graze infected tall fescue exhibit a typical “copper-deficient appearance”
(Barragry, 1994; Scott et al., 1995). Achromotrichia is a principal manifestation of
hypocuprosis observed in many species (McDowell, 1992). The mechanism is
thought to result from diminished tyrosinase enzyme activity and a decreased
conversion of tyrosine to melanin (McDowell, 1992).
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Copper is a catalyst to many important metabolic reactions in cattle and is
an essential component of several metalloenzymes (McDowell, 1992; Barragry,
1994) including cytochrome oxidase, lysyl oxidase, superoxide dismutase,
dopamine-beta hydroxylase, tyrosinase, and monamine oxidase. These enzymes
are required for cellular respiration, cross-linkage of collagen and elastin (which
are essential to structural tissue development), cardiovascular tissue integrity,
myelinization, keratinization, tissue pigmentation, and deamination of biogenic
amines. These metabolic functions presumably are affected to varying degrees in
copper deficient cattle. Copper deficiency has also been associated with
decreased alkaline phosphatase activity (McComb et al., 1979), which typically
occurs in cattle that graze E+ tall fescue, as discussed above (Oliver, 1997;
Schultze et al., 1999; Thompson et al., 1999). Further, depressed phagocytic
activity (suppressed monocyte major histocompatibility complex class II
expression) occurred in cattle grazing infected tall fescue (Saker et al., 1998;
Saker et al., 2001) and was partially attributed to the copper deficiency condition.
Others have noted an association of copper deficiency with depressed immune
function (Barragry, 1994). In addition, reduced libido and spermatogenesis of
beef cattle have been observed (Hidiroglou, 1979; Phillippo et al., 1987). Thus,
the reduced serum copper concentration in cattle that graze E+ tall fescue seems
to be exacerbated by the decreased nutrient intake that concomitantly occurs
during tall fescue toxicity (Fribourg et al., 1986; Fribourg et al., 1989; Oliver,
1997). Other serum mineral concentrations measured in cattle grazing E+ or E-
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tall fescue such as calcium, iron, mangnesium, phosphorus, potassium, sodium,
and zinc are within normal range (Oliver et al., 2000a).
Relative erythrocytosis was present in cattle that grazed infected tall
fescue, and the erythrocytes were hypochromic and microcytic (Oliver et al.,
2000a). This condition may have been caused by the copper-deficient status of
the animals, because a similar condition has been described in copper-deficient
swine (McDowell, 1992). Copper is known to be required as a cofactor for
hemoglobin

formation

(McDowell,

1992).

Because

serum

creatinine

concentrations were increased (Oliver et al., 2000a), dehydration could also have
contributed to the erythrocytosis. Values for hemoglobin and hematocrit, which
have been elevated or depressed in several prior studies (Stuedemann and
Thompson, 1993; Thompson and Stuedemann, 1993; Oliver, 1997), were not
affected by E+ tall fescue exposure (Oliver et al., 2000a). However, the values for
mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) were
significantly decreased in cattle that grazed E+ tall fescue (Oliver et al., 2000a).
Similarly, decreased MCV and MCH values have been described in copperdeficient swine (McDowell, 1992). Oliver et al. (2000a) showed that mean
corpuscular hemoglobin concentration (MCHC) also was significantly decreased.
Thus, the likely reason for these alterations is the reduced copper levels that are
found in animals that graze E+ tall fescue (Stoszek et al., 1979; Coffey et al.,
1992; Saker et al., 1998). The consistency and magnitude of the decreased MCV
and MCH values in cattle that graze E+ tall fescue provide strong evidence for a
true association.
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Both increased and decreased total leukocyte counts have been recorded
in prior studies of cattle grazing E+ tall fescue (Oliver and Schultze, 1997). Oliver
et al. (2000a) found no differences in total leukocyte counts; however, total
eosinophil counts were reduced. In view of the known suppression of immune
function in animals that graze E+ tall fescue (Dawe et al., 1997; Saker et al.,
1998) or exposed to E+ tall fescue seed-based diets (Dew et al., 1990), more
profound effects on the leukocyte fraction of blood would be expected.
Decreased globulin levels, particularly gamma globulin levels, occurred in steers
grazing E+ tall fescue (Schultze et al., 1999). In contrast to the above findings,
Rice et al. (1997) reported greater antibody response in vaccine challenged
cattle that had been grazing E+ tall fescue. The results of the study by Saker et
al. (1998) clearly indicated that cell adhesion factors on leukocytes could be
affected by the ergot alkaloids of E+ tall fescue pastures. These findings have
implications with regard to the prior reports of increased morbidity and mortality
of steers moving to feedlots from E+ tall fescue pastures (Purdy et al., 1989).
Prolonged consumption of E+ tall fescue affects the concentration of
different hormones in cattle. Reproductive function in cows is governed in part by
LH,

FSH,

and

PGF2∀

(Browning

et

al.,

1998b).

Reduced

circulating

concentrations of cholesterol, progesterone, and the luteotropic agent LH could
be detrimental to reproductive performance of cows (Porter and Thompson,
1992). Ergotamine and ergonovine stimulate uterine contractility (Rall and
Schleifer, 1980) suggesting that they might induce release the luteolytic agent
PGF2∀ from the uterus. Acute exposure to ergot alkaloids altered plasma
29

concentrations of LH and PGF2∀ metabolite, 13,14-dihydro-15-keto-prostaglandin
F2∀ (PGFM) in cows (Browning et al., 1998b). However, Oliver et al. (1998) did
not see any change in PGF2∀ metabolite formation between cattle consuming E+
and E- tall fescue. Estrogen (Scott et al., 1995) may affect hair coat color and
quality in a manner similarly observed in cattle that graze infected tall fescue.
However, estradiol levels in steers that grazed infected tall fescue were similar to
those in steers that grazed uninfected tall fescue (Oliver et al., 2000a).
Calendar period affected (Browning et al., 1998b) plasma concentrations
of prolactin before treatment. The secretion of prolactin from the pituitary is
controlled mainly by the inhibitory neurotransmitter dopamine (Lamberts and
Macleod, 1990). In the anterior pituitary, testosterone is known to exert genomic
inhibitory effects on prolactin synthesis via classical cytoplasmic receptor binding
and regulation of DNA transcription (Haug et al., 1982). Significant changes of
bovine prolactin concentrations coinciding with changes in photoperiod have
been reported previously (Thompson et al., 1987). In addition to being used as
an indicator of ergot alkaloid activity, reduced plasma prolactin concentrations
may have detrimental effects on various biological processes in cows, particularly
in terms of decreased lactation (Akers et al., 1981). Lactating beef cows and
calves that grazed E+ tall fescue had decreased serum concentrations of
prolactin and total cholesterol (Burke et al., 2001a; Burke and Rorie, 2002).
Furthermore, yearling beef bulls fed ergotamine tartrate have shown a decreased
prolactin concentration (Schuenemann et al., 2004a). Ultimately, deleterious
reproductive effects of fescue endophyte ingestion in horses such as elevated
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serum estrogens and reduced serum progesterone concentrations have been
reported (Cross, 1997).
Ergot alkaloids have been implicated as contributing agents to fescue
toxicosis by altering plasma concentrations of hormones important to metabolic
and thermoregulatory functions, increasing thyroxine (T4), triiodothyronine (T3),
or cortisol concentrations in cattle (Browning et al., 1998a). Increased plasma
concentrations of thyroid hormones due to ergot alkaloids may contribute to the
occurrence of hyperthermia in cattle consuming E+ tall fescue. Elevated plasma
cortisol concentrations after ergotamine treatment may reflect the stressful nature
of fescue toxicosis (Browning et al., 1998a).
Adrenal steroid levels were unaffected, even following ACTH stimulation
testing (Oliver et al., 1994) in cattle grazing E+ and E- tall fescue pastures.
Abnormal levels of adrenal steroid intermediates are known to cause hair coat
problems in other species (Schmeitzel et al., 1995; Rosenthal and Peterson,
1996; Boord and Griffin, 1999). Thus, hormonal conditions known to affect hair
coat quality in animals do not seem to be present in cattle that chronically graze
E+ tall fescue (Oliver and Schultze, 1997).
Recently, studies from steers grazing E+ tall fescue have shown a
decrease in serum arginine concentrations and blood vessel nitrate/nitrite (end
product of NO metabolism) (Oliver et al., 2001a; Oliver et al., 2001b). The amino
acid L-arginine is the precursor of nitric oxide, which is responsible for
vasodilatation (Moncada et al., 1991). Schuenemann et al. (2004a) reported a
reduction in blood flow to the testicles as evidenced by lower testicular core
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temperature. The decreased levels of nitrate/nitrite in tissues and arginine in
serum of steers grazing E+ tall fescue would contribute to the overall tissue
ischemia and vasoconstriction known to exist in cattle under tall fescue toxicosis.
Further, the cause of the decrease in NO formation may be a lack of tissue
arginine, the substrate of NO formation. These finding suggest that nitric oxide
was implicated as a potential causative factor in the pathogenesis of tall fescue
toxicosis.
2.5. Arginine and Nitric Oxide Role in Male Fertility
The free radical gas, nitric oxide, is now known to be an important
biological messenger in animals. Signal transmission by a gas that is produced
by one cell penetrates through membranes and regulates the function of another
cell, represents new principles for signaling in biological systems. Nitric oxide
(NO) is synthesized from L-arginine by the enzyme nitric oxide synthase, which
exists in multiple isoforms in a wide range of mammalian cells. Studies
conducted in recent years point to a strong influence of NO in a wide range of
reproductive functions (Dixit and Parvizi, 2001). It is implicated in the control of
gonadotrophin secretion, at both hypothalamic and hypophyseal levels, LH surge
mechanism, sexual behaviour, estradiol synthesis, follicle survival and ovulation
(Dixit and Parvizi, 2001). While considerable work lies ahead in unraveling the
role of NO at the peripheral, cellular and molecular level in reproduction of
domestic animals, findings presented in this review provide a general overview of
growing appreciation of NO as a vital molecule controlling hypothalamic–
pituitary–gonadal (HPG) axis (Dixit and Parvizi, 2001).
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From a biological point of view, the important reactions of NO are those
with oxygen in its various redox forms and with transition metal ions. The reaction
of NO with O2 in both the gas and the aqueous phase is a complex process.
Nitric oxide gas reacts with O2 to form nitric dioxide NO2 gas, which dimerises to
N2O4 and dismutates spontaneously in water and buffer at pH 7.4 to yield the
stable end products nitrite (NO2-) and nitrate (NO3-) (Moncada et al., 1991;
Lewis and Deen, 1994). In the presence of biological tissues, the half life of NO is
3–5 s (Moncada et al., 1991; Ignarro et al., 1993). Estimation of NO2-, NO3- in
aqueous biological samples is used to provide indirect means of estimating
endogenous NO (Archer, 1993; Schulz et al., 1999). The enzymes responsible
for the synthesis of NO from L-arginine in the mammalian tissues are known as
NO synthases. Accordingly, these enzymes have been classified depending on
tissue of origin and functional and structural properties into:
a. Neuronal constitutive NO synthase (NOS I or nNOS)
The first isoenzyme to be purified (Bredt et al., 1990) and cloned (Bredt et
al., 1991) was nNOS. This enzyme is Ca2C- and calmodulin-dependent
(Knowles et al., 1990; Mayer et al., 1990; Knowles and Moncada, 1994) and
expressed at a high rate in the brain. In addition to nervous system,
immunoreactivity or mRNA transcripts for nNOS have been detected in skeletal
muscle (Nakane et al., 1993; Weiner et al., 1994), pancreatic b-cells (Schmidt et
al., 1992), the male sex organ (Burnett et al., 1992; Burnett et al., 1995), the
pituitary gland (Wolff and Datto, 1992), adrenal medulla (Afework et al., 1994),
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and macula densa and distal nephron of kidney (Terada et al., 1992; Wilcox et
al., 1992).
b. Endothelial constitutive NO synthase (NOS III or eNOS)
Endothelial NOS appears to be functionally similar to nNOS, as eNOS is
also constitutive and Ca2C- and calmodulin-dependent. eNOS is mostly
expressed in vascular endothelial cells; however, it has also been found to be
expressed in pyramidal neurons of the hippocamus (Dinerman et al., 1994),
syncytiotrophoblasts (Myatt et al., 1993), and platelets (Mehta et al., 1994).
c. Inducible NO synthase (NOS II or iNOS)
This isoform of NOS is induced in a wide range of cell types and tissues
after they are exposed to cytokines and bacterial products (Stuehr et al., 1991).
Regulation of HPG axis is brought about by a complex network, which involves
hypothalamic, intrahypophyseal and peripheral signals. Growing evidence
indicates that nitric oxide may act as a novel transmitter in the hypothalamus
(Moretto et al., 1993), pituitary (Chatterjee et al., 1997), and gonads (Faletti et al.,
1999).
Nitric oxide is synthesized by the ovary and is hypothesized to play a role
in steroidogenesis as well as ovulation and luteolysis (Van Voorhis et al., 1994;
Yamauchi et al., 1997). Studies cited in this review provide evidence that
diffusible free radical gas NO functions as an important mediator in action of
hormones and neurotransmitters, which are vital for the regulation of
reproduction. A number of stimulatory and inhibitory neurotransmitters impinge
on NOS neurons in hypothalamus, controlling the release of NO. Production of
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NO is responsible for the protein G (PG) and cGMP induced GnRH release. The
positive feedback effect of estradiol to promote LH surge is possibly mediated by
an increase in NO production, which facilitates the LH surge and ovulation (Van
Voorhis et al., 1994; Yamauchi et al., 1997). However, most of the data come
from studies on rats and humans, and a direct role of NO in control of
reproduction in domestic animals is still speculative.
The NO has been put to clinical use for male erectile function and it has
various effects on the testicular function. Although, there are conflicting reports
concerning the effects of NO on sperm motility and viability (Rosselli et al., 1995),
it has been confirmed that a low concentration of NO may enhance the
capacitation and zona pellucida binding ability of sperm (Sengoku et al., 1998). In
addition, effects of NO upon Leydig cell steroidogenesis were also reported.
The sustained stress-induced decrease in steroidogeneis capacity of
testicular tissue was accompanied by a decreased conversion of pregnenolone
to progesterone (Kostic et al., 1999). The NO in Leydig cell was suggested to
inhibit the cytochrome p450c17 that controls the conversion of progesterone to
17OH-progesterone (Kostic et al., 1999). Regarding the mechanism of action of
NO, it was suggested that this messenger inhibits activity of cytochrome P450
enzymes by its binding to heme iron, or to the sulfhydryl groups in these
enzymes (Snyder et al., 1996).
The residence of cNOS in vascular endothelial cells in the testis (Burnett
et al., 1995) may indicate their role in acute down-regulation of steroidogenesis,
by changing the testicular blood flow. Also, the presence of macrophages in the
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interstitial tissue (Stuehr et al., 1991) and their ability to produce IL-1, which in
turn stimulates NO production (Tatsumi et al., 1997) may suggest a role for these
cells in the coupling of the stress signaling system to the testicular NO pathway.
Immobilization stress leads to acute and sustained down-regulation of
testicular steroidogenesis (Kostic et al., 1999). Both phases in stress-induced
inhibition are mediated by the intratesticular NO signaling pathway. The cNOS
dependent pathway controls the acute inhibition, and the sustained inhibition is
controlled by iNOS signaling pathway. Two testicular enzymes, 3βHSD and
P450c17 mediate coupling of these signaling pathways to steroidogenesis
(Kostic et al., 1999).
Prolonged inhibition of endogenous NO production by N-nitro-L-arginine
methyl ester (L-NAME) in normal rats was found to reduce testicular interstitial
fluid formation and testosterone production, indicating a role for endogenously
produced NO in the regulation of testicular blood flow and/or pressure and Leydig
cell function under normal conditions (O'Bryan et al., 2000). Collectively, these
data suggest that the decrease in testosterone secretion during prolonged
inhibition of NO production in vivo may be due to other effects, such as
prolonged interference with the testicular blood flow, that are independent of the
direct effects of NO at the Leydig cell or anterior pituitary (O'Bryan et al., 2000).
These data indicate that the endogenous NO has an acute negative effect on
testicular blood flow and fluid formation (O'Bryan et al., 2000). Depending on the
milieu within which it is produced, NO can act to ameliorate or potentate the
cytotoxic effects of reactive oxygen species (Nagasaki et al., 1996; Wolkow,
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1998). However, results of other studies using other tissues has suggested that it
may be the balance between NO and ROS that determines if NO acts in a
protective or a destructive capacity (Lipton et al., 1993; Lipton et al., 1998).
Fujisawa et al. (2000) provided evidence of cell-to-cell interaction between
rat germ cell and Leydig or Sertoli cells in relation to NO production and inducible
NOS messenger RNA expression. The iNOS mRNA expression in both types of
cells also increased. In contrast, neither NO production nor iNOS mRNA
increased in either type of cell following culture in a pachytene spermatocyteconditioned medium (PS-CM). This cell-to-cell interaction may be an important
mechanism of regulation of testicular function (Fujisawa et al., 2000).
Furthermore, the NO is involved in vascular modulation of testicular vessels and
ultimately in sperm output (Battaglia et al., 2000).
The concentration of nitrite in seminal plasma does not correlate with
sperm concentration, total sperm count, or with the proportion of immotile or
rapid-forward motile spermatozoa (Revelli et al., 2001). The concentration of
nitrite in seminal plasma is neither significantly increased when sperm culture is
positive, nor does it correlate with leukocyte concentration in semen. Moreover,
these results do not support the hypothesis that in vivo nitric oxide synthesis
affects sperm function; alternatively, these results could suggest that nitrite in
seminal plasma is not a sensitive marker of in vivo nitric oxide synthesis (Revelli
et al., 2001).
A recent study has focused on amino acid changes in serum of steers that
graze E+ tall fescue (Oliver et al., 2000b). Results of this study have shown a
37

strong tendency for arginine deficiency and change in the NO pathway (Oliver et
al., 2000b; Oliver et al., 2001b). Thus, these finding strongly support a likely
beneficial effect from arginine supplementation in cattle that graze E+ tall fescue.
2.6. Summary of Literature
Tall fescue toxicosis of herbivores continues to be a significant economic
burden for agribusiness interests in the United States and other countries.
Fescue

toxicosis

primarily

affects

growth,

lactation,

and

reproductive

performance in numerous species. Studies have attempted to explain, correct,
and prevent its occurrence.

The disease is complex, and there is minimal

understanding of the individual toxic alkaloid effects in animals. Because of the
numerous benefits of Neotyphodium coenophialum infection to tall fescue
sustainability and the positive attributes of the grass, prevention of toxic alkaloid
effects in animals is highly desirable. When considering how fescue toxicosis
impacts female reproduction, it seems logical that male reproduction may be
compromised when exposed to fescue toxicosis.
The objective of this thesis was to investigate effects of consumption of
fescue toxicosis on performance, semen parameters, endocrine profiles, and the
use of in vitro fertilization as a means of predicting developmental competency of
oocytes fertilized with sperm from bulls grazing tall fescue E+ with and without
ergovaline. Having established, repeatable measures of the toxic effects of E+
tall fescue in animals will be important for assessing the effectiveness of
treatments to alleviate toxicosis.
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CHAPTER 3
MATERIALS AND METHODS
3.1. Animals and treatments
During a two-year study, 80 bulls (Angus, Angus cross, Gelvieh, and
Gelvieh cross) and 80 steers (Angus and angus cross) were utilized to determine
the effects of grazing endophyte-infected tall fescue on growth performance,
semen parameters, endocrine profiles and IVF. Animals were born on
Tennessee Experiment Station farms. Each year, ten bulls and ten steers were
allotted to graze either Kentucky 31 tall fescue (Festuca arundinacea Schreb.)
pastures infected with Neotyphodium coenophialum, an ergot alkaloid-producing
fungal endophyte new stand (E+New) and old stand (E+Old); E+Old plus ladino
(Trifolium repens) and red (T. pratense) clovers (E+Cl); or Jesup tall fescue with
non-ergot alkaloid-producing endophyte (AR542) MaxQTM (Pennington Seed,
Inc., Atlanta, GA; MaxQ; n = 20/yr). Eight 3.96 ha pastures of tall fescue having
five bulls and five steers as described above grazed two replicated pastures each
year in this experiment. Age of the pastures ranged from three years (E+New
and MaxQ) to eight years (E+Old and E+Cl). The percentage of clover included
in E+Cl pastures ranged from 20 to 30 %. Prior to initiation of the study, hay was
harvested from each pasture in late May. Pastures were stockpiled prior to
initiation of grazing in mid-November for each year, respectively. The average
forage availability in Kg/ha of dry matter ranged from 1900, 1120, 714, 645, and
1130 kg/ha for mid-November, January, March, May, and June, respectively.
Pastures were verified for percentage of endophyte, percentage of produced
39

alkaloids, and ergovaline concentrations in tillers (Table 2) by HPLC method
(Rottinghaus et al., 1991) at the University of Missouri, Columbia.
Prior to the experimental period (224 days / yr), animals were weaned at
the beginning of September and fed corn silage. Bulls and steers were grouped
by body weight (BW; 303 ± 13.5 and 290 ± 10.5 kg, respectively), breed
composition, hip height, scrotal circumference (SC; 28 ± 1.6 cm), and age (296 ±
20.2 d) to graze E+New, E+Old, E+Cl, or MaxQ tall fescue pastures. From midNovember (2001-02) through the end of June (2002-03) in central Tennessee,
each group of animals grazed assigned tall fescue pastures. Water, shade and
minerals were available ad libitum in each pasture. The ambient temperature
range was -4°C in January to 17°C in June. All experimental procedures were
reviewed and accepted by the University Institutional Animal Care and Use
Committee (UT-ACUC # 1264). Pain and stress to animals was minimized
throughout the experimental period.
Every 14 days, body weight (Moly Manufacturing Inc., Lorraine, KS), SC
(Lane Manufacturing Co. Denver, CO), and rectal temperature (RT; GLA
Agricultural Electronics; San Luis Obispo, CA) were measured. Blood samples
(10 mL) were also collected via caudal venipuncture and placed on ice until
centrifuged. Scrotal temperatures (ST) were determined prior to semen collection
in May and June from 0900 to 1300 h using thermography (Harrison and Weiner,
1948; Purohit et al., 1985) (eMerge Vision DTIS 500, eMerge International Inc.,
Sebastian, FL). Hair coat scores were recorded in bulls and steers at the end of
the experiment (June) in both years by the same technicians having no
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Table 2. Composition of endophyte-infected tall fescue pastures.
Pasture (#)

Treatment

EV (ppb)

Endophyte

Prod. Alkaloid

(%)

(%)

1

E+Old

270

90

90

2

E+Old

325

86

86

3

E+Cl

330

90

90

4

E+New

340

92

92

5

MaxQ

< 50

60

6

6

MaxQ

< 50

52

0

7

E+New

325

90

90

8

E+Cl

335

94

94

EV: Concentrations of ergovaline in parts per billion (ppb) in tall fescue tiller
samples.
Endophyte: percentage of endophyte in tall fescue tiller samples.
Prod. Alkaloid: Percentage of produced alkaloids in tall fescue tiller samples.
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knowledge of treatment using a scale on which 1 = slick, 2 = < 25% of the body
covered with old, unshed hair, 3 = 25 – 50% of the body covered with old,
unshed hair, 4 = 50 – 75% of the body covered with old, unshed hair, and 5 =
muddy, dirty hair coat, evidenced of having deliberately laid in mud, and > 50% of
the body covered with old, unshed hair (Saker et al., 2001). Scores then were
averaged for bulls and steers, respectively.
3.2. Semen collection
Semen was evaluated approximately 60 days from initiation of the
experiment and at 60-day intervals (January, March, May, and June) each year.
Bulls were collected individually with the same technician and semen evaluator
having no knowledge of treatment. The evaluator, Dr. F. M. Hopkins is very
experienced in semen evaluation and is author of several publications on BSE
(Hopkins and Spitzer, 1997; Higdon III et al., 2000). Semen was collected from
all bulls using an electroejaculator (Lane Manufacturing Co.; Denver, CO) and
placed in a 10 mL sterile conical tube.
An estimate of progressively motile sperm was obtained using a light
microscope at 400X. Approximately 25 µL of sperm was placed on a warmed
slide and covered with a cover slip to immediately assess motility.

Another

sample of sperm (approximately 25 µL) was placed on a slide, mixed with eosinnigrosin stain, smeared and allowed to dry. Morphology was evaluated under oil
immersion at 1000 x using a light microscope (Spitzer et al., 1988). Sperm were
randomly classified as having normal cells or cells with primary or secondary
abnormalities.
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After motility and morphology examinations, semen was diluted with
Bioxcell extender solution. Semen extender and straws were provided by Dr.
Gustave Hansen (IMV International Technologies, France). Extender (100 mL)
and sterile water (400 mL) were warmed to approximately 32oC in a water bath
for 10 min prior to use. Once the temperature of water had equilibrated, 100 mL
of extender was added to the water and the solution mixed thoroughly. Semen
was extended at a 1:1 mL semen / extender ratio. Diluted semen remained at
32oC for 10 min and then at room temperature (25 0C) for 15 min. Extended
semen was packaged in Bioxcell straws horizontally and placed in a cooler with
cold packs for transport.

At the laboratory, straws of extended semen were

refrigerated at 4oC until in vitro fertilization (IVF) of oocytes (approximately 26 h
after semen collection).
3.3. In vitro evaluation of semen
A power calculation analysis was performed to determine the sample size
(bulls / treatment) for IVF assessment. Assuming a 90% of probability of finding
at least 6% differences in oocytes development between MaxQ and E+
(combined E+New and E+Old) treatments and common standard deviations for
both populations of 3.12, three bulls per treatment should be sampled. From both
groups of bulls (MaxQ and E+) per year, semen was collected from the same
bulls (n = 3/trt) having the largest, middle, and smallest scrotal circumference and
was extended (2 straws/bull) at the location and returned to the laboratory for
further semen assessment. Semen was collected from the same bulls for both
collecting days (May and June). Means of scrotal circumferences from bulls used
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for in vitro evaluation of semen were 39.4 cm and 39.5 cm at the end of the
experimental period (June) for MaxQ and E+New, respectively. The procedures
utilized for in vitro production of embryos (IVP) were modifications of procedures
previously described by Edwards and Hansen (1996). Medium 199, gentamicin,
and

penicillin-streptomycin

were

purchased

from

Specialty

Media,

Inc.

(Phillipsburg, NJ). Fetal bovine serum (FBS) was obtained from BioWhittaker
(Walkersville, MD). Folltropin-V was provided by Vetrepharm Canada, Inc.
(London, Ontario) and luteinizing hormone (LH) was obtained from the United
States Department of Agriculture (Beltsville, MD). Media HEPES-TALP, IVFTALP, and SPERM-TALP (Parrish et al., 1988) and KSOM (Biggers et al., 2000),
with modifications provided by Dr. John Hasler (personal communication), were
prepared in the laboratory or purchased from Specialty Media.
Ovaries, collected on the same day of semen collection, were obtained
from an abattoir (Brown Packing Company; Gaffney, SC) and were packaged in
thermoses that were contained within a cooler during air transport to the
laboratory the same day of collection. Upon arrival at the laboratory, ovaries
were immediately washed with warm water, and equilibrated to the arrival
temperature of the ovaries (generally between 28 to 30 C°). Extraneous tissue
surrounding the ovaries was removed and ovaries were washed with water an
additional time.
For oocyte recovery performed within 4 h of ovary collection at the
abattoir, ovaries were held firmly by clamping the base of the ovary with a
hemostat and checkerboard incisions were made across follicles (approximately
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3-8 mm in diameter) using a scalpel blade. Ovaries were washed vigorously in
oocyte collection medium (OCM) in order to remove cumulus oocyte complexes
(COC) contained within the follicles. Collection medium was filtered and rinsed
using an Emcon Filter unit (Vet Concepts, Spring Valley, WI) until medium was
clean. Medium containing COC was poured into a gridded culture dish to
facilitate oocyte retrieval. Cumulus oocyte complexes were transferred to a plate
with OCM and washed four times to eliminate cellular debris. Cumulus oocyte
complexes of good quality were washed in oocyte maturation medium (OMM)
and placed in groups of approximately 50 COC per well in a 4-well plate
containing 500 µL OMM. Maturation of oocytes was performed in an incubator at
5.5% CO2 in air at 38.5°C until time of fertilization (approximately 22 h after
placement in OMM). Maturation medium was equilibrated in the incubator (5.5%
CO2 in air at 38.5°C) for a minimum of 5 h before oocyte collection.
At 22-24 h following oocyte collection, maturation medium from each well
was removed and 25 µl of penicillamine/hypotaurine/epinephrine (PHE) and 500
µL of fertilization medium (IVF-Talp) were added per well. Two straws of semen
from two bulls known to have high fertility were used to fertilize oocytes for every
replicate of the study (served as a laboratory control). Briefly, semen straws were
removed from the liquid nitrogen tank and placed in water at 36.7°C for 45 sec.
Straws with collected semen and straws from laboratory control were then
emptied on top of a discontinuous Percoll density gradient (2 mL 45% Percoll
over 2 mL 90% Percoll contained in a 15 mL conical tube) and semen was
centrifuged at 2200 rpm for 15 min in order to remove excess extender, debris,
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and non-motile sperm prior to fertilization. The sperm pellet present at the bottom
of the 90% fraction was collected and transferred to 10 mL Sperm-Talp (Parrish
et al., 1988) and centrifuged at 1100 rpm for 8 min. Supernatant was removed
and sperm pellet re-suspended in 500 µL of modified IVF-Talp. Sperm
concentration was determined after Percoll purification using a hemacytometer
and motility also determined. A sperm concentration of 375,000/500 µL IVF TALP
collected from bulls within each group was added to the oocytes. Minimum of 50
oocytes were used for each bull on each collection date.
Approximately 18-22 h post fertilization, putative zygotes (PZ) were
denuded of cumulus cells by vortexing. Putative zygotes were transferred to a 15
mL conical tube containing 500 µL of Hepes-Talp and vortexed for 4 min.
Recovered putative zygotes were washed 4 times in Hepes-Talp and once in
KSOM-BSA before transferring groups of approximately 50 zygotes to 4-well
plates containing 500 µL of KSOM-BSA per well. Zygotes were placed in a
humidified atmosphere of 5.5% CO2, 7% O2, and 87.5% N2 at 38.5°C. Ability of
PZ to cleave and develop to the blastocyst stage was evaluated on d 3 and 8,
respectively (d 0 = day of IVF). Ability of the oocyte to cleave after IVF was
assessed by recording the number of 1-, 2-, 4-, and 8-16 cell embryos present on
d 3 (70-75 hours post-insemination).
3.4. Blood collection and radioimmunoassays
Blood samples were centrifuged at 2000 x g for 30 min and serum
decanted and stored at –20oC until assayed for arginine, prolactin and
testosterone concentrations. Arginine levels were determined using the Water’s
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(Water’s Corp, Milford, MA) AccQ method for quantitative analysis by HPLC
(Oliver et al., 2000b). Radioimmunoassays (Coat-A-Count; Diagnostic Products
Corporation; Los Angeles, CA) were performed to determine concentrations of
testosterone (Towns et al., 2000). Sensitivity of the testosterone assay was 0.04
ng/mL with intra- and inter-assay coefficients of variation (CV) of 10% and 2%,
respectively. Radioimmunoassay for concentrations of prolactin was performed
as described by Moura and Erickson (1997). Sensitivity of the prolactin assay
was determined to be 0.05 ng/mL. Intra- and inter-assay CV was 11% and 10%,
respectively.
3.5. Statistical analysis
The whole experiment was divided in three different analyses for optimal
evaluations of treatments differences. Data were arranged in a complete
randomized design split-plot and repeated measures for analysis I, II, and III. A
randomized block design was arranged for IVF assessment in analysis III. The
experimental period was divided in two seasons: winter, from mid-November to
mid-March (112 days) and spring, from mid-March to end of June (112 days).
3.5.1. Analysis I
Performance of steers and bulls in all pastures (MaxQ, E+New, E+Old,
and E+Cl) was evaluated. Differences in ADG, rectal temperatures, hair coat
score, and serum concentrations of arginine and prolactin were analyzed by SAS
Proc Mixed (SAS, 2000). Data are presented as least squares means (± SEM). A
mixed model procedure that included treatment, season, sex, year, pasture
(treatment) and all interactions as fixed effects was used to compare differences
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among treatments. Time was a repeated measures factor and animal (treatment
x pasture) was included as a random effect. Differences in individual least
squares means were evaluated using LSD.
3.5.2. Analysis II
Performance and fertility parameter of bulls in all pastures MaxQ, E+New,
E+Old, and E+Cl) was evaluated. Differences in ADG, SC, scrotal temperatures,
serum concentrations of testosterone and arginine, and motility and morphology
of semen were analyzed by SAS Proc Mixed (SAS, 2000). Data are presented as
least squares means (± SEM). A mixed model procedure that included treatment,
season, year, pasture (treatment) and all interactions as fixed effects was used to
compare differences among treatments. Time was a repeated measures factor
and animal (treatment x pasture) was included as a random effect. Time of each
scrotal temperature was recorded and it was included as a covariate in the
model. Differences in individual least squares means were evaluated using LSD.
3.5.3 Analysis III
Fertility of bulls (6/yr) grazing MaxQ (n = 3/yr) and E+ (n = 3/yr, combined
E+New and E+Old) pastures was evaluated. Pastures E+New and E+Old were
combined (E+) in this analysis because no differences were previously detected.
Differences between E+ and MaxQ treatment for IVF studies were analyzed by
SAS Proc Mixed (SAS, 2000) in two different replicates (May and June). Data are
presented as least squares means (± SEM). A mixed model procedure that
included treatment, time, rep, and all interactions as fixed effects was used to
compare differences among treatments. Replicates were a blocked factor, and it
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was included as a random effect. Differences in individual least squares means
were evaluated using LSD. A value of P < 0.05 was considered statistically
significant for all three analyses.
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CHAPTER 4
RESULTS
4.1. Analysis I: Bull and steer performances
4.1.1. Growth performance
In this two-year study, overall average daily gains had decreased in
endophyte-infected tall fescue pastures (E+New and E+Old) compared to
animals (bulls and steers) grazing tall fescue E+Clover and MaxQ pastures (0.6 ±
0.01 and 0.52 ± 0.01 vs 0.63 ± 0.01 and 0.66 ± 0.01 kg/d, P < 0.0001).
4.1.1.1. Bulls
Throughout the experimental period, bulls grazing E+New and E+Old
pastures had decreased overall ADG compared to bulls grazing MaxQ and E+Cl
(P < 0.0001; Figure 4-1). In addition, bulls had decreased ADG by season (winter
vs spring) within each treatment pastures (P < 0.0001; Figure 4-1) and
decreased ADG by season among treatment pasture (P < 0.0001; Figure 4-1).
Interestingly, bulls grazing E+Cl had similar overall ADG as bulls grazing MaxQ
pastures (P > 0.10; Figure 4-1).
4.1.1.2. Steers
An overall decrease in ADG in steers grazing E+Cl, E+New, and E+Old
pastures compared to steers grazing MaxQ pasture (P < 0.0001; Figure 4-2) was
observed. In addition, steers had decreased ADG by season within each
treatment pasture (P < 0.0001; Figure 4-2) and had decreased ADG by season
among treatments (P < 0.0001; Figure 4-2).
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Figure 4-1. Overall and seasonal average daily gains in bulls grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New), old stand
(E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall fescue
E+Old and E+New pastures had reduced ADG compared to MaxQ and E+Cl (A, B,
C

Least squares differ among treatments; P < 0.0001). Seasonal differences

within treatment differed (a,

b, c, d, e, f

Least squares means differ within each

treatment; P < 0.0001).
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Figure 4-2. Overall and seasonal average daily gains in steers grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New), old stand
(E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall fescue
E+Cl, E+Old and E+New pastures had reduced ADG compared to MaxQ (A, B, C
Least squares differ among treatments; P < 0.0001). Seasonal differences within
treatment differed (a, b, c, d, e, f Least squares means differ within each treatment; P
< 0.0001).
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Furthermore, these overall decreases in ADG among treatment groups and
animals indicated that steers and bulls were affected by the consumption of
endophyte-infected tall fescue.
No significant differences in treatment x year interaction, and pasture
(treatment) were observed (P > 0.10). However, significant differences in year x
bulls (2002, 0.73 ± 0.01 vs 2003, 0.62 ± 0.01 kg/d, P < 0.0001) and bulls x steers
interaction (0.67 ± 0.01 vs 0.54 ± 0.01 kg/d, P < 0.0001) were observed.
4.1.2. Concentration of prolactin
Throughout the experimental period, overall serum concentrations of
prolactin in both bulls and steers were decreased in E+New, E+Cl, and E+Old
pastures compared to animals grazing MaxQ pastures (34 ± 7, 42 ± 7, and 28 ± 7
vs 102 ± 7 ng/mL, P < 0.0001).
4.1.2.1. Bulls
Bulls grazing E+ tall fescue treatments (E+New, E+Cl, and E+Old) had
decreased overall serum concentration of prolactin compared to bulls grazing
MaxQ pastures (P < 0.0001; Figure 4-3). In addition, a significant decrease in
serum concentrations of prolactin was observed by season (winter vs spring) in
bulls grazing MaxQ pasture (25 ± 11 vs 119 ± 11 ng/mL, P < 0.0001; Figure 4-3),
illustrating the seasonal variation in prolactin. Moreover, concentrations of
prolactin in bulls grazing endophyte-infected tall fescue (E+Cl, E+New, and
E+Old) did not differ between wintertime and springtime (P > 0.10; Figure 4-3).
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Figure 4-3. Overall and seasonal serum concentrations of prolactin in bulls
grazing Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New),
old stand (E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall
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Least squares means differ within each treatment; P < 0.0001).
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4.1.2.2.Steers
Steers grazing endophyte-infected tall fescue treatments (E+New, E+Cl,
and E+Old) had decreased overall serum concentrations of prolactin compared
to tall fescue control (MaxQ; P < 0.0001; Figure 4-4). In addition, a significant
decrease in serum concentration of prolactin was observed by season (winter vs
spring) in steers grazing MaxQ pasture (P < 0.0001; Figure 4-4), illustrating the
seasonal variation in concentration of prolactin. Moreover, concentration of
prolactin in steers grazing endophyte-infected tall fescue (E+Cl, E+New, and
E+Old) did not differ between wintertime and springtime (P > 0.10; Figure 4-4).
There was also a bull x steer interaction (P = 0.004). Overall concentrations of
prolactin were lowered in bulls (41 ± 5 ng/mL) compared to steers (62 ± 5
ng/mL).
4.1.3. Rectal temperatures
Throughout the experimental period, overall rectal temperatures were
increased in ergovaline-producing fungal endophyte tall fescue treatments
(E+New and E+Old) compared to bulls and steers grazing tall fescue (E+Cl and
MaxQ) pastures (39.02 ± 0.03 and 39 ± 0.03 vs 38.8 ± 0.03 and 38.8 ± 0.03 oC,
P = 0.01).
4.1.3.1. Bulls
Bulls had increased overall rectal temperatures in tall fescue treatments
(E+New and E+Old) compared to animals grazing tall fescue (MaxQ) pastures (P
< 0.0001; Figure 4-5), indicating that bulls were severely affected by consumption
of

ergovaline-producing

fungal
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Figure 4-4. Overall and seasonal serum concentrations of prolactin in steers
grazing Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New),
old stand (E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall
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Figure 4-5. Overall and seasonal rectal temperatures in bulls grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New), old stand
(E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall fescue
E+New and E+Old pastures had increased RT compared to E+Cl and MaxQ
pastures (A,

B, C

Least squares means differ among treatments; P < 0.0001).

Seasonal differences within treatment differed (a, b, c Least squares means differ
within each treatment; P < 0.0001).
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Interestingly, bulls grazing endophyte-infected tall fescue with clover (E+Cl) had
similar overall RT compared to bulls grazing MaxQ pasture (P > 0.10; Figure 45). In addition, bulls had a significant increase in RT by season (spring vs winter)
within each treatment (E+Cl, E+New, and E+Old) pastures (P < 0.0001; Figure 45). However, no differences in RT of bulls grazing E+New, E+Cl, and E+Old were
observed compared to bulls grazing MaxQ during the wintertime (P > 0.10;
Figure 4-5). Conversely, bulls grazing E+New and E+Old had increased RT
compared to bulls grazing MaxQ and E+Cl pastures during the springtime (P >
0.0001; Figure 4-5).
4.1.3.2. Steers
Steers had increased overall rectal temperatures in endophyte-infected tall
fescue treatments (E+New and E+Old) compared to animals grazing tall fescue
(MaxQ) pastures (P < 0.0001; Figure 4-6), indicating that steers were severely
affected by consumption of ergovaline-producing fungal endophyte tall fescue.
Interestingly, steers grazing endophyte-infected tall fescue with clover (E+Cl) had
similar overall RT compared to steers grazing MaxQ pasture (P > 0.10; Figure 46), as described for bulls. Rectal temperatures in steers grazing tall fescue
treatments (MaxQ, E+New, E+Cl, and E+Old) were not different during the
wintertime (P > 0.10; Figure 4-6). Conversely, steers grazing E+ tall fescue
(E+New and E+Old) have increased RT compared to steers grazing E+ tall
fescue (E+Cl) and tall fescue (MaxQ) an non-ergot producing-alkaloids during the
springtime (P < 0.0001; Figure 4-6).
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Figure 4-6. Overall and seasonal rectal temperatures in steers grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New) and old
stand (E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall
fescue E+New and E+Old pastures had increased RT compared to E+Cl and
MaxQ pastures (A, B Least squares means differ among treatments; P < 0.0001).
Seasonal differences within treatment differed (a, b, c Least squares means differ
within each treatment; P < 0.0001).

59

In steers, RT by season (spring vs winter) within each treatment (MaxQ, E+Cl,
E+New, and E+Old) pastures was also increased (P < 0.0001; Figure 4-6).
Finally, a significant effect in year was observed (2002, 39 ± 0.03 vs 2003, 38.8 ±
0.03 0C; P = 0.04) during the experimental period.
4.1.4. Hair coat score
Overall hair coat scores were higher in bulls and steers grazing E+New,
E+Cl, and E+Old compared to control animals grazing MaxQ (bulls, 1.6 ± 0.08,
1.4 ± 0.08, and 1.6 ± 0.08 vs 1 ± 0.08, P < 0.0001 and steers, 2 ± 0.08, 1.9 ±
0.08, and 2 ± 0.08 vs 1.4 ± 0.08, P < 0.0001), indicating that both bulls and
steers were affected by consumption of ergovaline-producing fungal endophyte
tall fescue. However, average of HC scores was higher in steers compared to
bulls (1.9 ± 0.04 vs 1.4 ± 0.04; P < 0.0001).
4.2. Analysis II: Bull performance and fertility parameters
Performance of bulls such as ADG, RT, prolactin, and HC was previously
described in analysis I.
4.2.1. Concentration of arginine
Overall serum concentrations of arginine in bulls were not different among
treatment (MaxQ, E+Cl, E+New, and E+Old) pastures (P > 0.10; Figure 4-7).
Moreover, serum concentrations of arginine were not different by season (winter
vs spring) within each treatment (P > 0.10, Figure 4-7) and by season among
treatments (MaxQ, E+Cl, E+New, and E+Old) pastures (P > 0.10; Figure 4-7).
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Figure 4-7. Overall and seasonal serum concentrations of arginine in bulls
grazing Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New),
old stand (E+Old), and E+Old plus clovers (E+Cl) was illustrated. Kentucky 31
tall fescue E+New, E+Old, and E+Cl had similar serum concentrations of arginine
compared to MaxQ (A Least squares mean did not differ among treatments; P <
0.10). Seasonal differences within treatment did not differ (a Least squares mean
did not differ within each treatments; P > 0.10).
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4.2.2. Testicular growth
Overall rate of testicular growth was not different among treatment groups
(P > 0.10; Figure 4-8). However, the rate of testicular growth was different by
season (winter vs spring) within each treatment (MaxQ, E+Cl, E+New, and
E+Old) pastures (P < 0.0001; Figure 4-8). The rate of testicular growth was not
different by season among treatment groups (P > 0.10; Figure 4-8). The larger
and smaller increase in testicular growth was during the wintertime and
springtime respectively for all the treatment groups (Figure 4-8).
4.2.3. Scrotal temperatures
Overall scrotal temperatures were not different among ergovalineproducing fungal endophyte tall fescue treatments (E+Cl, E+New, and E+Old)
groups (P > 0.10; Figure 4-9). However, the overall scrotal temperatures were
decreased in bulls grazing endophyte-infected tall fescue (E+Old) compared to
bulls grazing MaxQ (32.5 ± 0.4 vs 33.5 ± 0.4 oC, P < 0.0001; Figure 4-9). Scrotal
temperatures were not different by date (May vs June) within each treatment
group (P > 0.10; Figure 4-9). Interestingly, bulls grazing tall fescue with clover
(E+Cl) had similar overall ST compared to bulls grazing MaxQ, indicating some
beneficial effects of clover (P > 0.10; Figure 4-9).
4.2.4. Concentration of testosterone
The overall serum concentrations of testosterone were not different
among treatment pastures (P > 0.10; Figure 4-10). However, serum
concentrations of testosterone were different by season (winter vs spring) within
each

treatment

group

(P

<
62
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Figure 4-8. Overall and seasonal testicular average daily growth in bulls grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New), old stand
(E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall fescue
E+New, E+Old, and E+Cl had similar testicular daily growth compared to tall
fescue MaxQ (A Least squares mean did not differ among treatments; P < 0.10).
Seasonal differences within treatments differed (a, b Least squares means differ
within each treatment; P < 0.0001).
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Figure 4-9. Overall and seasonal scrotal temperatures in bulls grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New), old stand
(E+Old), and E+Old plus clovers (E+Cl) are illustrated. Bulls grazing E+Old had
decreased ST compared to tall fescue MaxQ (A,

B

Least squares means differ
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Least squares means differ within each treatment; P < 0.0001).
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Figure 4-10. Overall and seasonal serum concentrations of testosterone in bulls
grazing Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New),
old stand (E+Old), and E+Old plus clovers (E+Cl) are illustrated. Bulls grazing
E+New, E+Old, and E+Cl had similar serum concentrations of testosterone
compared to tall fescue MaxQ (A Least squares means did not differ among
treatments; P < 0.10). Seasonal differences within treatment differed (a, b Least
squares means differ within each treatment; P < 0.0001).
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Moreover, testosterone was not different by season among treatment (MaxQ,
E+Cl, E+New, and E+Old) groups P > 0.10; Figure 4-10).
4.2.5. Gross motility and morphology
Immediately after semen collection (January, March, May, and June),
sperm motility and morphology were assessed. Progressive motility and
morphology were not different in bulls grazing ergovaline-producing fungal
endophyte tall fescue (E+Cl, E+New, and E+Old) compared to bulls grazing
MaxQ tall fescue (P > 0.10; Table 3). In addition, sperm morphology (primary and
secondary abnormalities) was not different among treatment groups (P > 0.10;
Table 3). However, sperm motility and morphology were different by season
within each treatment pasture (P < 0.0001; Figures 4-11 and 4-12), but it was not
different by season (winter vs spring) among treatment groups (P > 0.10; Figures
4-11 and 4-12).
4.3. Analysis III: bull fertility
Differences in analyses I and II occurred in ADG, RT, ST, and prolactin
among treatment groups. However, no differences existed in SC, testosterone,
arginine, and gross motility and morphology. Pastures E+New and E+Old were
combined (E+) in this analysis because no differences between them were
previously detected. Immediately following semen collection in May and June,
semen was extended (Bioxcell) in 0.5 mL straws and returned to the lab for
further assessment (IVF).
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Table 3. Sperm motility and morphology of bulls grazing tall fescue pastures.

Treatment

Motility
(%)

Normal
Morphology

Primarya
Abnormality

Secondaryb
Abnormality

(%)

(%)

(%)

MaxQ

73.9 ± 2.8

79.6 ± 2.9

10 ± 1.9

8.6 ± 1.3

E+Cl

73.7 ± 2.8

80.1 ± 2.9

11.7 ± 1.9

7.5 ± 1.3

E+New

71.6 ± 2.8

76 ± 2.9

13.1 ± 1.9

7 ± 1.3

E+Old

73.3 ± 2.8

80.1 ± 2.9

13.1 ± 1.9

6.7 ± 1.3

Sperm motility and morphology of bulls grazing Jesup/MaxQTM (MaxQ) compared
to bulls grazing Kentucky 31 tall fescue new stand (E+New), old stand (E+Old),
and E+ plus clovers (E+Cl) were evaluated.
a

Abnormal head shape, midpiece, and presence of protoplasmic droplets.

b

Detached heads, distal protoplasmic droplets, or bent tails.
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Figure 4-11. Overall and seasonal percentage of gross motility in bulls grazing
Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New), old stand
(E+Old), and E+Old plus clovers (E+Cl) are illustrated. Kentucky 31 tall fescue
E+New, E+Old, and E+Cl had similar gross motility compared to tall fescue
MaxQ (A Least squares means did not differ among treatments; P < 0.10).
Seasonal differences within treatment differed (a,
within each treatment; P < 0.0001).
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Figure 4-12. Overall and seasonal percentage of gross morphology in bulls
grazing Jesup/MaxQTM (MaxQ) or Kentucky 31 tall fescue new stand (E+New),
old stand (E+Old), and E+ plus clovers (E+Cl) are illustrated. Kentucky 31 tall
fescue E+New, E+Old, and E+Cl had similar gross morphology compared to tall
fescue MaxQ (A Least squares means did not differ among treatments; P < 0.10).
Seasonal differences within treatment differed (a, b, c Least squares means differ
within each treatment; P < 0.0001).
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Motility of sperm at collection date (70.7 ± 2.9 and 68.9 ± 3.1%), immediately
prior to (48.7 ± 7.6 and 53.3 ± 6.7 %), and after (56.8 ± 5.4 and 59.9 ± 5.9%, P >
0.10; Table 4) percoll preparation was not different between bulls grazing E+ and
bulls grazing MaxQ, a non-ergot producing-alkaloids pasture, respectively. Thus,
the differences between motility at collection date and motility before percoll
(24.6 ± 5.7 and 21.7 ± 4.6%, P > 0.10, Table 4) did not differ in bulls grazing E+
and bulls grazing MaxQ pastures. Semen from E+ bulls has decreased cleavage
rates (73.5 ± 3.1 vs 84 ± 2.4%, P = 0.02; Table 4) compared to MaxQ bulls.
Development to 8-cell (85.4 ± 10.3 vs 82.3 ± 8.7%), blastocyst (32.4 ± 5.5 vs
30.1 ± 4.7%), and nuclei number (72.9 ± 4.8 vs 76.5 ± 4.5%) of cleaved embryos
did not differ between treatments (P > 0.10; Table 4).
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Table 4. Ability of sperm collected from bulls grazing tall fescue pastures to
fertilize bovine oocytes.

a, b

Variables

MaxQ

E+

Lab Control

Rep (n/yr)

2

2

2

COC (n)

850

873

278

GM (%)

68.9 ± 3.1

70.7 ± 2.9

MBP (%)

53.3 ± 6.7

48.7 ± 7.6

72.2 ± 9.4

MAP (%)

59.9 ± 5.9

56.8 ± 5.4

77 ± 8.8

Cleav (%)

84 ± 2.4a

73.5 ± 3.1b

81 ± 3.8

8-16 Cell (%)

82.3 ± 8.7

85.4 ± 10.3

80.8 ± 9.9

Blast (%)

30.1 ± 4.7

32.4 ± 5.5

30 ± 5.5

Nuclei (#)

76.5 ± 4.5

72.9 ± 4.8

73.6 ± 5.2

Least squares means differ within a column, P < 0.05.

COC: cumulus oocyte complexes.
GM: field percentage of gross motility.
MBP: percentage of motility before percoll.
MAP: percentage of motility after percoll.
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Cleav: number of putative zygotes cleaved.
8-16 Cell: number of cleaved embryos developing to 8-16 cell.
Blast: blastocyst; percentage of cleaved embryos developing to blastocyst.
Nuclei #: total number of cells in blastocyst after fixation and Hoechst staining
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CHAPTER 5
DISCUSSION
5.1. General comments
Endophyte-infected tall fescue is a perennial cool-season bunch grass
widely used by cow-calf producers in the United States. Fescue toxicosis is due
to the ingestion of over 40 different alkaloids produced when tall fescue (Festuca
arundinacea

Schreb.)

is

infected

with

the

endophyte,

Neotyphodium

coenophialum. Prolonged consumption of E+ tall fescue will lead to toxicosis in
cattle. Common signs of fescue toxicosis include elevated rectal temperatures,
reduction in weight gain, increased respiration rates, vasoconstriction of blood
vessels, reduced milk yields and pregnancy rates, and lowered concentrations of
prolactin during the time of endophyte exposure. Bulls and steers in the current
study exhibited signs of fescue toxicosis including decreased ADG, elevated RT,
and decreased serum concentrations of prolactin. All these signs are commonly
considered indicators of fescue toxicosis; therefore, affecting cattle performance.
5.2. Analysis I
In this two-year study, performance of yearling beef bulls and steers
grazing Jesup with a non-ergot alkaloid-producing endophyte MaxQTM (MaxQ), or
Kentucky 31 tall fescue, an ergot alkaloid-producing fungal endophyte new stand
(E+New), old stand (E+Old), and E+ plus ladino (Trifolium repens) and red (T.
pratense) clovers (E+Cl) was evaluated.
A consistently measurable effect of fescue toxicosis is decreased growth
rates (Washburn et al., 1989; Osborn et al., 1992), increased body temperatures
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(Hammond et al., 1982; Browning, 2000; Browning, 2004), and reduced serum
concentrations of prolactin (Osborn et al., 1992; Porter and Thompson, 1992;
Oliver, 1997; Browning et al., 1998a; Browning, 2004). In the present study, bulls
and steers had decreased overall ADG when grazing ergovaline-producing
fungal endophyte tall fescue pastures compared to animals grazing MaxQ
pastures.
Bulls and steers had decreased ADG by season within and among
treatment groups. During the wintertime, bulls and steers had lower growth rates
compared to springtime. This observation is consistent with previous reports
(Gay et al., 1988; Strickland et al., 1993; Waller et al., 2000a; Waller et al., 2002).
Reduced weight gains associated with fescue consumption are due to reduced
feed intake and perhaps decreased digestibility of feed (Strickland et al., 1993).
Decreased dry matter intakes have been observed in ruminants fed an E+ diet
compared with those fed an E- diet (Strahan et al., 1987; Jackson et al., 1988;
Aldrich et al., 1993). Therefore, decreased feed intake and digestibility of the
feed may be the cause of reduced weight gains in this study. Consumption of E+
fescue hay was shown to reduce total-tract digestibility (Humphry et al., 2002).
Jones et al. (2003) suggested that lowered body weight gains may be attributable
to reduced gut motility caused by the dopamine-mimicking compounds, such as
ergovaline, found in E+ fescue. However, bulls and steers grazing E+New
pasture have increased growth rates during the wintertime over springtime.
During the wintertime, bulls and steers were fed with fescue hay harvested from
each pasture in late May, prior to start of the experiment. Increased weight gain
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for E+New pasture during wintertime was unexpected. This could be explained
by over feeding during that time of the experiment.
Bulls and steers grazing E+Cl and MaxQ had similar growth rate
performance. These findings agree with results of studies by Bouton et al.
(2003), who demonstrated the positive value of adding Durana white clover as a
component of tall fescue pastures regardless of the endophyte status.
Therefore, inter-seeding clover to endophyte-infected tall fescue pastures
improve performance (e.g. weight gain) in yearling beef bulls and steers as
showed in this study. Alleviation of fescue toxicosis with clover is often attributed
to “dilution” of ergot alkaloids (Bouton et al., 2003). Toxin dilution is a popular
theory, but has not been adequately quantified. Hunt et al. (1985) reported
increased in vitro DM disappearance of fescue with legume addition. This effect
could be explained by an increase in clover selection by animals during the
summer months as reported by Forwood et al. (1989).
Results of consuming E+ fescue on rectal body temperature in cattle are
contradictory. Various ergopeptines could cause vasoconstriction of bovine blood
vessels (Rhodes et al., 1991) through their stimulatory effect on α2-adrenergic
receptors (Strange, 1996; Oliver et al., 1998), which could explain the
vasoconstriction of the extremities and resulting in a reduction in peripheral
temperatures. Rectal temperature was increased by E+ fescue in some studies
(Rhodes et al., 1991; Osborn et al., 1992), but not affected in other studies
(Stamm et al., 1994; Al-Haidary et al., 2001). In the present study, overall RT
was increased in bulls and steers grazing E+ tall fescue (E+Old and E+New)
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pastures compared to MaxQ and E+Cl fescue pastures. Moreover, bulls and
steers had increased RT during springtime compared to wintertime, showing that
environmental

temperature

plays

an

important

role

in

increasing

RT.

Hyperthermia is a manifestation of fescue toxicosis in cattle. McMurphy et al.
(1990) and Cole et al. (2001) also reported that Angus steers on E+ tall fescue
had elevated RT at the end of the grazing period in May and August,
respectively. Burke et al. (2001b) showed that RT and respiration rate were
greatest in heifers fed E+ seed when exposed to maximal temperatures. These
contradictory results may be attributed to the influence of ambient temperatures
during the experimental trial and possibly to other unexplained effects. A
reduction of blood flow to the periphery can reduce the animal’s ability to move
heat from core tissues to the surface for cooling, consequently explaining the
increase in RT during springtime. Pastures inter-seeded with clover (E+Cl) had
similar RT to animals grazing MaxQ pastures, indicating that clover may be an
important ingredient of the diet in cattle to ameliorate the adverse effects of
fescue toxicosis.
Reduced concentrations of prolactin are a consistently noted indicator of
fescue toxicosis in cattle (Porter and Thompson, 1992; Paterson et al., 1995).
Ergot alkaloids may also act on serotonergic receptors to inhibit prolactin
secretion (Kordon et al., 1994). In this study, overall concentrations of prolactin
were severely decreased in bulls and steers grazing ergovaline-producing fungal
endophyte tall fescue. In addition, bulls had the lowest overall concentrations of
prolactin compared to steers. The secretion of prolactin from the pituitary is
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controlled mainly by the inhibitory neurotransmitter dopamine (Lamberts and
Macleod, 1990). In the anterior pituitary, testosterone is known to exert genomic
inhibitory effects on prolactin synthesis via classical cytoplasmic receptor binding
and regulation of DNA transcription (Haug et al., 1982). Because testosterone is
the major circulating steroid in bulls (Dohle et al., 2003) and other mammals such
as male rodents (Christian et al., 2000), this may explain lower concentrations of
prolactin between bulls and steers. Moreover, both bulls and steers grazing
MaxQ pastures had decreased prolactin during wintertime (5 fold) compared to
springtime. Photoperiod is the most common environmental factor monitored by
animals to alter long-term physiological processes, particularly reproduction.
Because cattle are not strict seasonal breeders, the influence of photoperiod on
cattle has been studied less extensively than in other large mammals. In cattle,
as in other species, increasing exposure to light reduces the duration of
melatonin secretion (Dahl et al., 2002). A long-day pattern of melatonin secretion
increases

circulating

prolactin

and

insulin-like

growth

factor

I

(IGF-I)

concentrations and these endocrine shifts are consistent with observed effects
on lactation, and body growth and composition in cattle (Dahl et al., 2002). This
effect mediated by melatonin may explain differences between wintertime (short
daylight) and springtime (long daylight) on serum concentrations of prolactin.
There may be important consequences of decreased prolactin concentrations in
cattle. The most obvious concerns would focus on lactation, but prolactin is
potentially involved in numerous other physiological processes such as growth,
immune responses, and osmoregulation (Kelly et al., 1991).
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5.3. Analysis II
In the present study, bulls had decreased overall ADG when grazing E+
tall fescue pastures compared to bulls grazing MaxQ pastures. This observation
is consistent with previous reports (Gay et al., 1988; Strickland et al., 1993).
Reduced weight gains associated with fescue consumption are generally
attributed to reduced feed intake and decreased digestibility of feed (Strickland et
al., 1993). Nutrient intakes below requirements result in reduced growth rates
and delayed puberty in the male (Pruitt et al., 1986), as in the female and, if
severe enough, can permanently impair sperm output (Nolan et al., 1990).
Results reported by Nolan et al. (1990) suggested that growing bulls with a daily
weight gain of 0.25 kg/day had reduced primary testicular function such as
concentration of testosterone and growth in SC. Weight gains reported in this
study from bulls grazing all fescue pastures ranged from 0.6 to 0.72 kg/day.
Therefore, based on previous studies decreased weight gain in this study may
not be affecting sperm output and ultimately fertility. Furthermore, these data
imply that lowered cleavage rate of fertilized oocytes from bulls exposed to
consumption of ergovaline-producing tall fescue may be due to a direct effect of
ergot alkaloids on sperm rather than decreased weight gain.
Bulls grazing E+ and MaxQ tall fescue pastures did not exhibit alteration in
average daily gains in scrotal circumference. However, daily growth in SC
differed by season within treatments, but not among treatment groups. Average
daily growth in SC was highest during the wintertime for all treatments (0.04
cm/day) compared to springtime (0.02 cm/day), indicating an age effect on SC
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growth. Wilson (1996) reported a linear regression coefficient for SC of 0.0312
cm/day for Angus yearling bulls. Moreover, scrotal circumference growth from
weaning to yearling calculated over 140-day performance test at Clemson
University showed a linear increase of 0.05 cm/day (Spitzer, 1998). Therefore, in
this study, average daily growth in SC for all treatment groups may be
considered within normal range. Blood flow and SC have been shown to be
highly correlated with testicular weight and sperm production (Coulter and Foote,
1979; Wang et al., 1993). When considering that SC did not differ between
treatments, it is not surprising that serum concentrations of testosterone did not
significantly decline during consumption of fescue pastures in this study
(Veeramachaneni et al., 1986). In addition, concentrations of testosterone
paralleled those of Evans et al. (1988), who reported no difference in
concentrations of testosterone in bull calves fed endophyte-infected fescue hay.
Scrotal temperature of bulls grazing E+ tall fescue was 1oC cooler than
control bulls. Vasoconstriction occurs under the influence of ergot alkaloids
(Clark et al., 1978; Browning et al., 1998a); thus, possibly inhibiting blood flow to
the testicles resulting in cooler testicular temperatures in those bulls under
fescue toxicosis. Clark et al. (1978) found ergotamine restricted normal blood
flow within arterioles by as much as 10 times that of normal flow. Constriction of
peripheral arterioles and thus, flow to capillary beds would reasonably explain a
decrease in peripheral temperatures including scrotal temperatures. Effects of E+
forage consumption on scrotal temperatures are of significant importance in
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spermatogenesis. Impaired thermoregulation due to reduced blood flow of the
scrotum and testicles may cause infertility (Gazvani et al., 2000).
Vasoconstriction has been attributed to interaction of the ergot alkaloids
with α2-adrenergic, dopaminergic, and sertonergic receptors (Berde and Sturmer,
1978; Muller-Schweinitzer and Weidmann, 1978; Oliver and Schultze, 1997;
Oliver et al., 1998; Pertz and Eich, 1999). Tall fescue also produces a chemical
associated with the endophyte fungus known as lysergamide that also acts as a
further agonist or antagonist to induce vasoconstriction (Bacon and De Battista,
1991).

Oliver

et

al.,

(1993)

determined

that

lysergamide

produced

vasoconstriction in vitro; however, amount of contractility was dependent on the
amount of lysergamide added.
Maintenance of testicular temperature 4-5 oC below body temperature is
essential for normal spermatogenesis in bulls (Harrison and Weiner, 1948;
Waites, 1970; Purohit et al., 1985). Testicular temperature is kept within optimal
limits by complex physiological mechanisms involving the scrotum, the testicular
vascular cone, and the testes themselves (Kastelic et al., 1997). Bulls consuming
E+ tall fescue had significantly lowered scrotal temperatures than those of bulls
grazing MaxQ pastures; however, scrotal temperature remained within normal
parameters.
While numerous studies have illustrated the detrimental effects of elevated
temperatures on sperm (Setchell et al., 1995; Setchell, 1998), few studies have
reported effects of lowered testicular temperatures on sperm integrity and
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subsequent fertilization. Moreover, the molecular aspects of the sperm affected
by lowered testicular temperature have yet to be examined in cattle.
Gross motility and morphology of the sperm were not different for bulls
grazing E+ tall fescue pastures compared to bulls grazing MaxQ tall fescue
pastures. However, due to the age of bulls at first collection, motility and
morphology of first ejaculate was significantly impaired compared to later
collection dates.
A recent study focused on amino acid changes in serum of steers grazing
E+ tall fescue (Oliver et al., 2000b), showing a strong tendency for arginine
deficiency (Oliver et al., 2001a). In the current study, concentrations of arginine
were similar for all bulls grazing tall fescue pastures. However, bulls grazing
MaxQ fescue had numerically higher concentrations of arginine than bulls
grazing E+ tall fescue.
5.4 Analysis III
There are several factors that affect male fertility. The following are some
of the more important: 1) dietary factors essential for normal reproduction, 2)
infectious diseases, 3) heredity, 4) management, 5) environment, and 6) toxic
dietary factors. Toxins are probably the least understood and could be the most
important of these factors. This is complicated by the fact that there are many
different plants containing a variety of toxins that can adversely affect
reproduction, so there are many differences in the mechanisms involved. The
toxin in locoweed (indolizidine alkaloid swainsonine), cottonseed (gossypol)
(Kennedy et al., 1983; Arshami and Reittle, 1988; Kramer et al., 1991; Cerelli and
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Johnson, 1999), seleniferous plants (Olsen, 1978), and many natural toxicants
such as alkaloids, terpenoids, tannins, cyanogenic glycosides, are present in
different plants affecting male reproduction efficiency. Among these, grazing E+
tall fescue may reduce bull fertility. Reproduction rate is at least five times more
important economically than growth performance and at least 10 times more
important than product quality for the average cow-calf producer (Trenkle and
Willham, 1977). This toxicosis represents the highest grass-related disease in the
United States in terms of loss to animal producers (Allen and Segarra, 2001).
Utilization of IVF provided an optimal environment to determine fertilization
potential associated with consumption of E+ tall fescue. Sperm cells
progressively lose viability when stored in a supportive medium at ambient
temperatures (Shannon, 1978). However, bulls sperm stored at ambient
temperature in CAPROGEN, a citrate-based medium (Shannon, 1965), exhibited
a slow decrease in motility over an extended period (about 3-4 weeks)
(Vishwanath and Shannon, 1997). An important factor that does have a
significant influence on pregnancy rate is the dose rate or absolute sperm
numbers and sperm motility at a given inseminate (Vishwanath and Shannon,
1997). Progressive movement in spermatozoa is an important function enabling
them to reach the site of fertilization. There is a significant relationship between
subjectively assessed motility and field fertility (Kjaestad et al., 1993; Schrick et
al., 2003). As mentioned before, bull spermatozoa have a well-defined structure
specially differentiated for achieving fertilization of the oocyte. The assessment of
the integrity and functionality of different sperm parameters, such as gross
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motility and morphology, are considered pre-requisites for fertilization due to their
role in the interaction sperm-genital tract or sperm-oocyte (Amann, 1989).
In this study, semen was extended (Bioxcell) at the time of collection and
shipped to the laboratory for further assessments. Semen straws were kept for
24 h at 4oC, serving as an environmental stressor (Vishwanath and Shannon,
1997). Therefore, this stress test of semen may be considered as a method to
evaluate semen differences and may contribute to development of a fertility test
for males. Gross motility was re-evaluated (24 h from collection date) prior to IVF.
Gross motility differences between collection date and before percoll did not
differ. In addition, motility before and after percoll of sperm were not different in
bulls grazing E+ tall fescue compared to bulls grazing MaxQ during the
experimental period. Moreover, gross motility at collection date and 24 h after
was greater than 30%, suggesting that motility was not affected by E+ tall fescue
consumption. However, ability of oocytes to cleave after IVF with sperm from
bulls exposed to endophyte-infected fescue decreased compared to bulls grazing
MaxQ pasture. Observation that oocytes fertilized with sperm from bulls
exhibiting signs of fescue toxicosis did not cleave as well as those fertilized with
MaxQ sperm implies that E+ tall fescue could produce “ultrastructural” damage to
sperm undetectable using gross morphological diagnostics. These data agree
with those of a previous study where cleavage rates were reduced in bulls
administered ergotamine tartrate (Schuenemann et al., 2004a), simulating fescue
toxicosis compared to control bulls. Further illustrating that sperm damage may
occur without recognition, Austin (1975) reported that sperm have the ability to
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remain motile much longer than their ability to maintain fertilization capacity; thus,
motility may remain high but sperm may be unable to penetrate the zona
pellucida. Ability of putative zygotes that cleaved to further progress to blastocyst
suggests that while bulls grazing ergovaline-producing tall fescue may
compromise cleavage, sperm integrity was not completely destroyed.
5.5 Summary and conclusion
These data imply that bulls and steers grazing E+ tall fescue exhibited
signs of fescue toxicosis; thus, affecting their performance. Average daily gain
decreased,

RT

became

elevated,

scrotal

temperatures

declined,

and

concentrations of prolactin decreased in bulls grazing ergovaline-producing tall
fescue. In addition, results of studies with bulls and steers grazing ergovalineproducing tall fescue indicated that consumption of ergovaline-producing fungal
endophyte tall fescue induced signs of fescue toxicosis such as altered weight
gain, body temperature, and serum concentrations of prolactin. However,
addition of clover to fescue pastures improved cattle performance. Serum
concentration of testosterone and arginine, growth in SC, and gross motility and
morphology of semen from bulls grazing ergovaline-producing tall fescue was not
compromised. However, cleavage rates of putative zygotes were depressed
when utilizing sperm from bulls exposed to ergovaline-producing tall fescue for
IVF; with subsequent developmental competence of embryos not compromised.
This reduction in cleavage rate was repeatable and observed for 3 consecutive
years (included 1 year of ergotamine tartrate study and included over 2 replicates
per year). Based on previous studies, decreased weight gain of yearling beef
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bulls could not be considered as a direct factor to impair fertility in this study.
Therefore, these results suggest that while gross sperm motility and morphology
remained unchanged, possible undetected “ultrastructural” damage to sperm
components may have been caused by E+ tall fescue consumption. In
conclusion, results imply that while fertility was affected, alkaloids may damage
sperm in ways undetectable with normal semen inspection.
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